
MODELLING A
COMBAT VEHICLE COMMANDER

AD-A208 533 WITH AN
EXPERT SYSTEM

by
Captain Timothy J. Gibson

B.S., United States Military Academy,

D TIC .. West Point, N.Y. 
1979

o ELECTE
1 Submitted to the Computer Science Advisory

flL iiW Committee and the Faculty of the Graduate
U School of the University of Kansas in partial

fulfillment of the requirements for the
degree of Masters of Science with a major in
Computer Science.

Dr. Jerzy Grzymala-Busse
Profess in Charge

Alkiviadis Arit s
Coittee _ember

Dr. Dov Dori
Committee Member

-1',An=oN A T-MEN-T A
ro-ed--_ pL -......... -For the Graduate CommitteeApproved for public releause|

Date Thesis Accepted

89 5 31 025



SECURITY CLASSIFICATION OF THIS PAGE
R Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

a. REPORT SECURITY CLASSIFICATION lbRSRITV MRIG

2a. SECURITY CLASSIFICATION AUTHORITY 3.iSTRIBUTIONAVAILABILITY OF REPORT

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGAN IZ TION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
/ 7 7 /" (If applicable)

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

ORGANIZATIO (if applicable)

8c. ADDRESSICity, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT

L 37ELEMENT NO. NO. NO. ACCESSION NO.

11. TITLE (include Security Classification) I

1. PERSON'" C-HOR(S)
13a. TYPE OF REPORT 13b. TIME OVER 1 . , t. 0DATEOF EPORT (Year, Month, Day) 15. PAGE COUNT

A 57 "7 'A e FROM TO_ , T /. O
16. SUPPLEMENTARY NOTATION

F# I~ I f/l' 'o,) jtf b/~.

17. COSATI CODES 18. SUBJECT T-RMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP .* 4 -K < y L..i( t1(% Q c o , '.

19 ABSTRACT (Continue on reverie if necessary and Identify by block number) /7

. This thesis examines and models the decision making -
process of a combat vehicle commander. The model uses
the MYCIN certainty factor method. The tlhesis provides
an overview of the following topics: expert systems;
certainty factor theory and certainty factor
computation; combat decision-making; uncertainty in
battle; sensor capabilities for the system to "see"; the
methodology of modelling a combat vehicle commander's
thought process; and implementing the model with an
expert system. The model is implemented with a
commercial expert system shell called M.1.-,

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SE URITY CLASSIFICATION
MUNCLASSIFIED/UNLIMITED 0 SAME AS RPT. 0 DTIC USERS ' , 6' 5'.

22a. NAME OF RESPONSIBLE I NIVIDUAL 2b TELEPHONE (Inc de A • Code) 22c. OFFICE SYMBOL

DO Form 1473, JUN 86 Previous editions are osolete. SECURITY CLASSIFICATION OF THIS PAGE

/<



ABSTRACT

This thesis examines and models the decision making
process of a combat vehicle commander. The model uses
the MYCIN certainty factor method. The thesis provides
an overview of the following topics: expert systems;
certainty factor theory and certainty factor
computation; combat decision-making; uncertainty in
battle; sensor capabilities for the system to "see"; the
methodology of modelling a combat vehicle commander's
thought process; and implementing the model with an
expert system. The model is implemented with a
commercial expert system shell called M.1.

' Accesion For
NTIS CRA&I
DTC TOA8 0

Unatnnowiced [J
Jushtc~j(:, rl ........ .. .

By
Distribution I

Avohol;:y Codes

Ava, didIor
Dist Special

A-I



TABLE OF CONTENTS

Chapter 1
The involvement of the American Military
in the development of Computers ................... 1

Chapter 2 An Overview of Expert Systems

and Certainty Theory .............................. 5

Chapter 3 Why an Expert Gunnery System? .............. 22

Chapter 4 Current Bradley Gunnery Methods
and Systems ...................................... 28

Chapter 5 Uncertainty in Battle ...................... 54

Chapter 6 Gathering Information - Sensors ............ 59

Chapter 7 Modelling a Gunnery System ................. 65

Chapter 8 The M.1 Programming Shell
and Inference Engine ............................. 71

Chapter 9 The Expert Gunnery Model ................... 79

Chapter 10 Conclusions ............................... 92

BIBLIOGRAPHY ........................................... 96

APPENDIX I Program Source Listing ................... 100

APPENDIX II Knowledge Base Listing .................. 122

APPENDIX III An Expert Gunner
Consultation Session
Without a Knowledge Base Trace .................. 149

APPENDIX IV An Expert Gunner
Consultation Session
With a Knowledge Base Trace ..................... 166

APPENDIX V Inference Tree For
the Expert Gunner Knowledge Base ..................... 187



1

Chapter 1 The involvement of the American Military
in the development of computers.

The American Military has been involved in the

development of computers from the early days of ENIAC

during the Second World War. The military has

consistently supported advanced research into new areas

of computer science. The funding and direction of the

military led to a number of new technologies and

theories being introduced. The applications for these

new technologies or theories have normally been at the

strategic level. ENIAC was developed to solve ballistic

equations for gunnery problems. The Colossus machines

in England were developed solely for military

codebreaking. Military codebreaking activities in the

United States gave birth to entirely new computer

technologies [Williams 85].

Military computer use continued through the 1960's and

early 1970's with a computerized air defense system, the

Semi-Automatic Ground Environment (SAGE) [Augarten 84],

computerized ballistic missile systems, and computerized

navigation systems. But all of these computer

applications are far frn-m the viewpoint of the ordinary

soldier.
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Military computers are used for essentially the same

things that other people use computers for. Computers

are very good at mathematical calculations, repetitive

data manipulation, and storing and retrieving data. The

military needs these tasks done just as much as any

large corporation. Some tasks like string manipulation

for codebreaking and math calculations for nuclear

research would be impossible without computers.

However, until recently, the cost associated with

computers made them impractical for use at lower than

strategic levels.

The cost of computers eventually began to decrease. In

the late 1970's the U.S Army began fielding computers to

assist artillery units in the computation of fire

control data for artillery pieces. Although these

computers are large and slow by today's standards, at

the time they were revolutionary. These fire direction

computers relieved men of the tiresome task of computing

the proper elevation and deflection for the artillery

pieces when firing at a distant target.

After the success of these fire control computers for

tile artillery, other branches of the Army joined the

computer age. Tank fire control systems went from



3

analog "computers" with mechanical linkages to digital

computers with sensors and laser rangefinders. Tactical

air defense units were equipped with computerized

warning systems.

Today the military is making use of computers to

automate repetitive jobs at even lower levels. Broken

or damaged equipment and repair parts are tracked with

computers. Tactical units send status reports and

orders through a radio linked computer network. "Smart"

munitions are able to see and select their own targets.

In essence, each one contains a small expert that

decides which target is best to attack. These smart

munitions decide on their own what to attack and in some

cases where to fly to conduct the attack.

The biggest challenge, and the biggest potential payoff

for the military in the future, is in providing more

complex expert systems. These new expert systems will

be able to advise or assist in more complex tasks and

situations. Expert systems can assist commanders and

staff officers in making decisions and formulating

plans. In addition, they can assist soldiers in

troubleshooting equipment failures. Expert systems can

also replace men in some hazardous duties.
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As an example, the Defense Advanced Research Projects

Agency (DARPA) is currently sponsoring experiments with

Autonomous Land Vehicles (ALV) that power and guide

themselves from one point to another. The expert system

in this case replaces the driver in the vehicle and

makes the same decisions and reacts in the same way a

human driver would. Autonomous vehicles could possibly

replace men in either routine or hazardous driving

duties. Implementing these ALV's is a very difficult

job. A driver must see and analyze the terrain, and

then decide where to go. These tasks are very simple

for a human accustomed to driving, but for a machine the

job is staggering.

Before going further in discussing applications for

expert systems, it would be appropriate to take an in

depth look at what an expert system is.
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Chapter 2 An Overview of Expert Systems and
Certainty Theory.

Expert Systems - The development of computers has

followed many paths over the last forty years. One of

these paths involves making computers act more like

humans. These efforts at tracing and imitating human

decision-making, making robotic devices mimic human

counterparts, and synthesizing human speech are called

Artificial Intelligence. [Harmon 85]

A recent outgrowth of Artificial Intelligence is the

Knowledge-Based Expert System, or Expert System for

short. An expert system provides human expertise in a

specific area. Expert systems are particularly well

suited to areas where there are few human experts or the

cost of an expert outweighs the cost of an expert

system. [Grzymala-Busse 88]

Regardless of how complex these expert systems are, they

are still programs implemented on machines. They cannot

be creative. If a problem calls for a new type of

solution, the expert system may very well fail.

However, within their area of expertise (or domain),

expert systems can be relied upon to provide the user
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with good, consistent advice. One of the more common

expert systems is a rule based expert system.

The rule based expert system provides advice by applying

rules to a set of facts. The rules are programmed in

upon the advice of a subject matter expert, and a set of

facts may come from the user or from a database. The

outcome of these rules and facts is a conclusion. For

example:

A rule. IF it is raining THEN take an umbrella.
A fact. it is raining.

This rule and this fact taken together would lead you to

conclude that you need to take an umbrella.

You can also have multiple rules which may be related in

their conclusions. These rules can be used in a chain

to find more than one result. For example:

Rule 1. IF it is windy THEN it is raining.
Rule 2. IF it is raining THEN take an umbrella.
Fact. it is windy.

From the fact that "it is windy" and the two rules

given, you can conclude from

Rule 1) it is raining
Rule 2) take an umbrella.
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This process of taking one or more facts, applying them

to rules, and then finishing with a set of results is

called forward chaining.

Rules can also be backward chained. Backward chaining

is accomplished by presenting the system with a goal

(i.e., a desired result) and then seeing if that goal is

achievable with 'he current rules and facts.

Rule 1. IF it is windy THEN it is raining.
Rule 2. IF it is raining THEN take an umbrella.
Fact. you have an umbrella.
Goal. is it windy?

Because you have an umbrella, then you can infer that

rule 2 can be applied. Therefore, it must be raining.

By a similar inference, you can conclude that it is

windy. The goal in this example is reachable.

Therefore, the rule based system will return a yes.

The important difference between forward and backward

chaining is that forward chaining returns a set of

results, which may be reached with the given rules and

facts, while backward chaining returns a yes or no

answer. A yes is returned if the goal is achievable

with the given rules and facts, and a no is returned if

it is not.
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MYCIN Certainty Theory, - One problem that an expert

system may need to come to grips with is uncertainty.

The facts and rules of a problem may not be distinct

enough to yieli either a simple set of results or a

yes/no answer.

In Certainty Theory every fact has a measure of

certainty associated with it. For a fact "A", this is

denoted by C(A). The certainty of a fact reflects the

belief of that fact being true. A fact's certainty can

range from +1 (for absolute yes) to -1 (for absolute

no). A value of 0 represents total uncertainty.

In addition to the certainties associated with facts,

Certainty Theory also has a certainty factor (CF)

associated with each rule. The value for this certainty

fa-tor i-' normally assigned by a subject matter expert,

and has the same range of values

[-1,1] and meanings as a fact's certainty.

Certainty Theory was developed for the MYCIN system at

Stanford University in the mid 1970's. The MYCIN system

was designed to assist doctors in diagnosing a patient

with a bacterial infection or meningitis. MYCIN allows

rules or facts with different certainty factors to be
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chained together into a final result I . [Buchanan and

Shortliffe 84]

Calculatinq Certainty Factors - The simplest case of

computing certainty factors is where there is a fact B

with an initial certainty of 0 (i.e., C(B) = 0). A rule

with the form

IF A THEN B WITH CF = X

where C(A) = 1 and X is the rule's certainty factor

returns a new certainty for B (i.e., C(B)) equal to X.

[Grzymala-Busse 88)

An expansion of the weather problem will illustrate this

better.

Rule 1. IF it is windy THEN it is raining WITH CF = 0.7

Fact. it is windy with a certainty of 1.0.
Fact. it is raining with a certainty of 0.

Conclusion: it is raining with a certainty of 0.7 (70%).

The answer really being sought in this statement is

"What is the certainty of B occurring if A is true?" or

C(B/A). As we have seen, in this case where C(A) = 1

1 Although the terms 'Certainty Factor", or "Certainty
Theory"# can also apply to other expert systems or
artificial intelligence methodologies, these terms will
be used to indicate the MYCIN Certainty Theory in this
paper unless otherwise indicated.
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and C(B) = 0, the new C(B) equals the certainty factor

associated with the rule.

However, this method is only good where C(B) is

initially equal to zero. The certainty of B (the rule's

conclusion) may already have a value associated with it.

This value may be set by an expert or acquired from a

previous rule2 .

When rules are chained together, the conclusion's prior

value needs to be taken into account. Chaining rules

together is controlled by the following equations.

C(B)+(l-C(B))*CF if both C(B) and
CF are greater

than or equal to 0.

C(B)+(l+C(B))*CF if both C(B) and are
CF are less than
or equal to 0.

C(B/A) =
(C(B)+CF

l-min(IC(B)l,ICFI) if C(B)&CF are of
opposite signs.

where C(A) = 1
and

lXI equals the absolute value of X.
[Grzymala-Busse 88]

z This occurrence is common in a backward chaining
system like MYCIN.
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The end result is that the certainty C(B/A) always lies

between +1 and -1. Generally speaking, if either C(B)

or the CF equals +1, the rule's conclusion equals +1.

Likewise, a -1 for C(B) or the CF yields a conclusion of

-1. Notice that these formulas assume that the

certainty of event A is equal to 1. (Buchanan and Duda

83]

If the certainty of A is between 0 and 1, the procedure

in MYCIN is to multiply the certainty factor by the

certainty of A.

Example:

Rule 1. IF it is windy THEN it is raining WITH CF = 0.7
Fact. it is windy C(0.6).
Conclusion. It is raining C(O.42).

There are times when the certainty of A may be less than

1. This may be caused by conclusion from another rule.

If the certainty of A is less than 0, then the rule is

not used. [Grzymala-Busse 88] and [Buchanan and Duda

83]
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The MYCIN system makes an additional modification of

this rule. In MYCIN, if the value of C(A) is less than

0.2, then the rule is not used. This decreases the use

of rules which will have little impact and increases the

systems speed. [Buchanan and Shortliffe 84]

An interesting aspect of certainty theory is that when

evidence is chained together, the certainty of the

conclusion at the end of the chain is always the same

regardless of the order the rules are chained together.

This is true as long as the same rules and facts are

applied. The following examples will help to illustrate

this point. (Harmon 85]

Rule 1.
IF it is windy THEN take an umbrella WITH CF = 0.6

Rule 2.
IF it is raining THEN take an umbrella WITH CF = 0.5

Fact 1. It is windy.
Fact 2. It is raining.

Given both of these facts and both of these rules, what

is the certainty that you should take your umbrella? As

discussed before, these two independent rules reinforce

each other. Using the formulas discussed earlier, the

following occurs.
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Initial value C(B) = 0
Applying Rule 1 with CF 0.6 yields

C(B/A) = C(B)+(l-C(B)) * CF
= 0 + (1-0) * 0.6
= 0 + 1 0.6
= 0.6

Result C(B) = 0.6

New value C(B) = 0.6
Applying Rule 2 with CF 0.5 yields

C(B/A) = C(B)+(l-C(B)) * CF
= 0.6 + ((1-0.6) * 0.5)
= 0.6 + (0.4 * 0.5)
= 0.6 + 0.2
= 0.8

Result C(B) = 0.8

Thus, by combining the two certainty factors for taking

an umbrella, the final certainty is 0.8 or 80%.

Applying the same rules in the opposite order to the

equations produces the following results.

Initial value C(B) = 0
Applying Rule 1 with CF 0.5 yields

C(B/A) = C(B)+(l-C(B)) * CF
= 0 + (1-0) * 0.5
= 0 + 1 0.5
= 0.5

Result C(B) = 0.5

New value C(B) = 0.5
Applying Rule 2 with CF 0.6 yields

C(B/A) = C(B)+(l-C(B)) * CF
= 0.5 + ((1-0.5) * 0.6)
= 0.5 + (0.5 * 0.6)
= 0.5 + 0.3
= 0.8

Result C(B) = 0.8
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The final result, to take an umbrella, is still 0.8 even

though the rules were combined in a different order.

Thus, the final certainty is always the same regardless

of the order the rules are applied as long as the same

rules and facts are available. [Teknowledge 86a] This

property allows models built with certainty theory to

chain rules together as they are encountered and still

return the same conclusion and certainty at the end of

the chain. [Harmon 85]

Rules with Multiple Facts - So far all of the examples

discussed have dealt with rules which have only one fact

and one conclusion. However, many times an expert

system must combine facts before making a conclusion,

just as a person may consider more than one fact before

deciding on a course of action. Computing the

certainties for conclusions with multiple facts is done

in a different manner than rules with only one fact. By

way of example, we will modify the weather problem.

IF it is windy AND rain is forecast
THEN take an umbrella WITH CF = 0.9

In this rule, both the wind and the rain forecast need

to be considered in deciding whether or not to take an

umbrella. This "and" is a logical AND operator.

Besides the logical AND operator, rules may also have a
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logical OR operator, or a logical NOT. Calculating the

certainty for multiple facts with these logical

operators in it is based on the following formulas.

[Teknowledge 86b], [Buchanan and Duda 83) and [Grzymala-

Busse 88]

C(A AND B) = minimum of (C(A), C(B))

C(A OR B) = maximum of (C(A), C(B))

C(NOT A) = 1 - C(A)

where A and B are facts.

In the example, the certainty for taking an umbrella

must be computed after the values for the combined

certainties of A and B are known3 .

Example:

IF it is windy C(0.8) AND rain is forecast C(O.5)

THEN take an umbrella WITH CF = 0.9

where C(take an umbrella) = 0 initially

Because this rule uses an AND operator, the rule's

certainty is computed using the minimum of the certainty

of the two facts and the certainty factor of the rule.

We select the lesser of the two certainties, in this

case 0.5, and apply it to the formula

3 The certainty of A and B may rest entirely on the
outcome of another set of rules.
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MIN (C(A), C(B)) = 0.5
CF' = (0.5 * 0.9) 4 = 0.45

C(C/(A AND B)) = C(C) + (l-C(C)) * CF'
= 0 + (1 - 0) * 0.45
= 0+1 0.45
= 0.45

Result C(C) = 0.45

Hence, the conclusion "take an umbrella" acquires a

certainty factor of 0.45.

If this rule used a logical OR instead of the logical

AND, the conclusion's certainty would be computed from

the maximum of the certainties of the facts.

IF it is windy cf 0.8 OR rain is forecast cf
0.5
THEN take an umbrella WITH CF = 0.9

Selecting the value of 0.8 as the maximum, it is then

applied to the formula

4 Remember, if the certainty of A is between 0 and 1,
the procedure is to multiply the certainty factor by the
certainty of A.
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MAX (C(A), C(B)) = 0.8
CF' = (0.8 * 0.9) = 0.72

C(C/(A OR B)) = C(C) + (l-C(C)) * CF'
= 0 + (1 - 0) * 0.72
=0 + 1 0.72
= 0.72

Result C(C) = 0.72

Advantages and Disadvantages of MYCIN Certainty Factors

My presentation of the MYCIN Certainty Factor theory is

not meant to be an unequivocal endorsement of it. As

with any theory or method, the MYCIN Certainty Factor

method has both advantages and disadvantages. In fact,

the disadvantages of MYCIN certainty factors come close

to outweighing their advantages. One of the best

advantages of certainty factors is their simplicity. As

seen in the previous sections of this chapter,

calculating the values of certainty factors is

relatively straightforward. The model is also

attractive because it lends itself to estimates for

certainty factors by experts. [Buchanan and Shortliffe

84]

Even more important, in my opinion, is the ease of being

able to explain how these certainty factor values are

computed. I do not believe that a user should blindly



18

trust the opinions or conclusions of an expert system.

The user of an expert system should know the basic "line

of reasoning" that the expert system is following. By

this, I mean the user should know the general topics the

expert system considers in its decision-making process

and the general form the decision making follows.

MYCIN also has some distinct disadvantages. [Buchanan

and Shortliffe 84]

1) MYCIN is not immune from any inconsistency

introduced into the rule base by either the subject

expert or programmer.

2) The MYCIN certainty factor computations do not

relate to the rules of conventional probability theory.

Additionally, a single piece of negative (or positive)

information may overwhelm several pieces of positive (or

negative) information.

3) MYCIN may discount important information by not

using rules with facts of a certainty of less than 0.2.

This is particularly true in cases where multiple facts

are bound together with logical AND operators.
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Example:

IF A AND B AND C THEN D WITH CF = 0.9

Depending on the implementation, if C(A) has a value of

less than 0.2 the rule may not be used. The inference

engine may stop when it sees three facts ANDed together

with one less than the threshold value of 0.2. However,

a backward chaining inference engine could effect the

value of A while seeking B or C.

4) MYCIN certainty factors may not yield the correct

inference if the inference comes at the end of long

inference chain. [Adams 76]

5) Finally, MYCIN certainty factors are not the best

environment to monitor a situation for a long period.

The MYCIN model looks at a "snapshot" of the situation

and makes a decision. If there is a need for long term

monitoring, the model needs to be "restarted" at

frequent intervals. [Buchanan and Shortliffe 84]

In addition to these problems, the MYCIN Certainty

Factor method also has some distinct disadvantages when

compared with other methods. The more common of these

alternate methods are systems which use: Bayes Theorem,
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Dempster-Shafer Theory, the INFERNO representation, and

Fuzzy Set Theory.

The normal interpretation of Bayes Theorem provides a

single probability of an event or rule conclusion given

the probabilities of other preceding events. In this

respect, Bayes Theorem is similar to MYCIN Certainty

Factors. However, here the similarity ends. The

formulas for calculating the probabilities for Bayes

Theorem have a more theoretical and statistical

foundation than those for certainty factors. The result

is that Bayesian representations generally have more

credibility than those using MYCIN Certainty Factors.

Other representations like the Dempster-Shafer Theory

and the INFERNO representation work on a two value

approach. This means that the conclusion of a rule

normally does not have a precise value. Rather, the

conclusion has an upper and lower bound associated with

it. [Grzymala-Busse 88) The weather problem expressed

with two values could take on the following form5 .

" This rule's form is for illustrative purposes only
and does not conform with Dempster-Shafer theory,
Inferno or Fuzzy Sets.
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IF it is windy 0.7 OR rain is forecast cf 0.4
THEN take an umbrella [0.4, 0.7]

Thus, the conclusion "take an umbrella" does not have a

precise value but is somewhere between 0.4 and 0.7.

This is closer to the thoughts of a human expert because

unlike the MYCIN Certainty Factors, rarely will a person

say "I will take my umbrella 0.7 times if these facts

are true".

All of these alternative representations have some

advantage over MYCIN Certainty Factors. Bayes Theorem

incorporates statistics better than Certainty Factors.

Dempster-Shafer Theory, the INFERNO representation, and

Fuzzy Set Theory all return two values for a conclusion

and more closely approximate human reasoning.

Although the expert system in this thesis could have

been done with any of these other systems I still chose

to implement the model with MYCIN Certainty Factors.

The reasons for this decision are discussed in detail in

Chapter 9. For now, let me say that most of the reasons

for this choice are of a practical nature rather than

personal devotion to MYCIN Certainty Factors.
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Chapter 3 Why an Expert Gunnery System?

With the introduction of devices like the Autonomous

Land Vehicle discussed earlier, expert systems are

moving out of a strict advising cycle and into an

execution cycle. In this execution cycle expert systems

are not only providing the advice but carrying it out as

well.

Although expert systems are normally used when a human

expert is too expensive, they can also be used when

human reaction times or fatigue will have a detrimental

effect on the performance of equipment. The U.S. Navy's

Phalanx Defense System is a case in point.

The introduction of sea-skimming anti-shipping missiles

(e.g., the Exocet or Harpoon) raised a new threat to

surface ships. These missiles approach the ship at high

speeds (300 - 500 mph) very close to the surface of the

water. The result of this low approach at high speed is

that the ship has only a few seconds from missile

detection to missile impact. Human gunners are unable

to stay alert for the extended periods retquired of an

anti-missile defense system. Furthermore, they cannot

see the incoming missiles during periods of low
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visibility. The Navy introduced the Phalanx system to

counter the threat posed by these sea-skimming missiles.

The Phalanx system combines a radar for gathering

information and an automatic cannon for shooting down

the incoming missiles. The Phalanx can be placed in an

automatic mode in which it continuously scans

approaching radar contacts, evaluates them to see if

they should be considered hostile, and then shoots them

down if they are. As such, the Phalanx is a good

example of an expert system application. It has a

limited domain (shooting down attacking missiles), and

it provides a consistent response. It also provides

something that men cannot give, alertness around the

clock in any weather.

There are several good reasons to develop expert systems

in land gunnery systems. First, land vehicle gunnery

was one of the first areas to be automated by the

military. Therefore, the military has experience with

computers and electronics in tanks and other combat

vehicles. Second, the gunnery domain is limited. This

means that the tasks and responses required of a expert

gunnery system are limited. These limited tasks and
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responses are capable of being solved with a simple rule

based expert system.

The third reason for developing an expert gunnery system

involves the interaction of men, information, and

machinery; a combat vehicle is a very tiring

environment. It is common for soldiers to be awake for

twenty hours a day for several days in a row. The

soldier's senses, reflexes, and judgement degrade

significantly in this environment. Anything which would

assist a soldier in remaining more alert would be

welcomed. The commander would not need to use such a

system all of the time. However, when he is tired or

otherwise occupied, an expert gunnery system would help

him decide when to shoot at a target.

Gunnery is a term which can be applied to any heavy crew

served weapon. Gunnery applies to all tasks the crew

performs in firing their weapon(s). The term gunnery is

particularly applicable in the areas of target

detection, location, identification, weapon selection,

and the decision to fire.

Whether the term gunnery is applied to a moving tank, a

stationary armored personnel carrier, or an entrenched
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missile launcher, the decision process is still

essentially the same. The process of detecting a

target, correctly identifying it, deciding what to do,

and then carrying out the decision remains fairly

constant regardless of the weapon.

Target Aquisition Process

Detection
Location
Recognition/Identification (Friend or Foe)
Weapon and Ammunition Selection
Fire Command

Execution of Fire Command

Table 1 [FM 23-1]

Because this decision making process is essentially the

same for many different weapons systems, the end user is

in many ways unimportant. However, the end user becomes

important when specific facts must be applied to match

specific weapon characteristics. This thesis is based

on a working model of a gunnery system for a specific

vehicle: the M2 Bradley Infantry Fighting Vehicle.

The primary purpose of a Bradley Infantry Fighting

Vehicle (BIFV) is to carry a squad of infantry close to

the tanks they support. Additionally, the BIFV is armed

to destroy enemy tanks, other personnel carriers,
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equipment, and personnel. Because many of these targets

shoot at the Bradley, there is a high risk of the crew

being killed or injured during battle. The men

operating a Bradley are exposed to high levels of noise,

fumes, and physical labor while operating it.

A good deal of knowledge is needed to operate a combat

vehicle during a battle. However, most of it is learned

and little of it is theoretical. The acts of driving

and controlling a tank require the most knowledge.

Detecting and firing at a target requires less

knowledge. The Phalanx is an example of the latter.

Loading the weapons requires almost no knowledge at all.

Table 2 shows three basic facts about machines, expert

systems, and computers.

1) Machines are used to make work easier
for men, or to take their place in
repetitive or dangerous jobs.

2) Computers are very good at repetitive
or time consuming calculations.

3) Expert systems are helpful in solving
problems within a specific area of
knowledge.

Table 2



27

These three facts combined with the characteristics of

vehicle gunnery make it a good place to employ an expert

system.

The vehicle gunnery system analysis in this thesis will

concentrate on the tasks performed by the crew in the

turret of the Bradley Infantry Fighting Vehicle. These

tasks include all of the target detection, recognition,

and engagement duties of the vehicle.



2S

Chapter 4 Current Bradley Gunnery Methods and Systems.

Structuially, a Bradley Infantry Fighting Vehicle has a

hull and a turret. The driver and a six man infantry

squad ride in the hull. (see diagrams on pages 46 & 47)

The gunner and the vehicle commander ride in the turret.

The turret also has most of the BIFV's weapons and

ammunition. The nine men (seven in the hull and two in

the turret) in the vehicle can be separated into two

groups. The first group is a three man vehicle crew

consisting of the commander (turret), gunner (turret),

and driver (hull).

The second group is the vehicle's six man infantry

squad. This infantry squad are passengers in the rear

of the hull. They primarily perform tasks when

dismounted from the vehicle. These dismounted tasks

will not be addressed in this thesis. Only the

vehicular tasks performed by the driver, gunner and

commander will be discussed. Listed below is a summary

of the tasks performed by the vehicular crew. [FM 17-

12, FM 23-1]
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Crew Duties

Commander
Communicate with higher headquarters

Detect and identify targets.
Decide whether or not to fire

at enemy targets.
Issue initial fire commands.
Traverse turret to target if needed.
Command Gunner to fire.
Observe and adjust fire.
Issue a ceasefire command when the target

has been lost or destroyed.
Alternatively request and adjust

artillery fire.

Issue commands to driver

Gunner
Control automatic cannon, anti-tank guided

missile system, and coaxial machinegun.
Determine range of target.
Fire and adjust weapons.
Operate independently of commander if

required.

Driver
Provide maximum protection by protective

terrain driving.
Maintain a stable platform for firing.
Follow Commander's instruction's.
Stop smoothly on command.

Infantry Fighting Vehicle Weapons

A Bradley Infantry Fighting Vehicle has a high velocity

25 millimeter automatic cannon as its primary weapon.

The cannon can fire two types of combat ammunition:

Armor Piercing Discarding Sabot (APDS) and High



30

Explosive Incendiary (HEI). The 25mm cannon is used

against other lightly armored vehicles, and unarmored

targets beyond the range of the machinegun.

The BIFV is also armed with a Tube-Launched, Optically

Tracked, Wire Command-Link Guided (TOW) missile system.

The TOW missile system provides the BIFV with the

capability of destroying tanks and other armored

vehicles from as far away as 3,750 meters (approximately

2.3 miles).

Additionally, the BIFV has a medium machine gun mounted

parallel to the automatic cannon. The medium machinegun

allows the gunner to engage personnel or unarmored

targets without using automatic cannon ammunition. The

medium machinegun is effective to 900 meters.[FM 23-1)

To fully understand the capabilities and limitations of

the automatic cannon and the missile launcher, the

reader should understand the different types of cannon

ammunition and how the missile works.

Types of Automatic Cannon Ammunition

Armor Piercing Discarding Sabot (APDS)
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This projectile is a kinetic energy weapon (see

diagrams on pages 48 & 49); the damage to the target is

derived completely from a high speed mass impacting on

the target.

The projectile consists of a long, dense penetrator

surrounded by lightweight metal petals. The petals

allow the projectile to fill the entire bore of the

cannon. This allows the hot gasses from the propellant

to act on the entire diameter of the projectile when the

cannon is fired.

Although the penetrator is very heavy, the entire

projectile is relatively light. The projectile reaches

a high velocity inside the cannon tube. Once the

projectile leaves the cannon's bore, the metal petals

fall away and the penetrator moves on its own at a high

speed.
6

The penetrator has a small diameter or cross-section of

about 10mm, and a mass of 105 grams (approximately one-

quarter pound). This large mass to diameter ratio gives

6 Muzzle velocity for the APDS projectile is 1345

meters/second (4450 feet/second).
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the penetrator a high cross sectional density. Because

of the high velocity and high cross-sectional density

the APDS projectile loses little velocity as it travels;

there is little need for correction by the gunner for

range or target speed. Several hits on a lightly

armored enemy vehicle from APDS projectiles will

normally destroy the enemy armored vehicle or kill the

crew. The maximum effective range for this ammunition

is 1,700 meters.7 [FM 23-1]

High Explosive Incendiary (HEI)

This projectile is a standard explosive shell (see

diagram on page 50). It consists of a fuse, body, and

explosive filler. When the shell impacts, the fuse

detonates the explosive filler, which in turn shatters

the shell body. Damage is produced by concussion,

blast, incendiary effects, and high speed metal

fragments.

The HEI is used against unarmored vehicles, antiarmor

guided missile positions and crew served weapons

I Maximum effective range is defined as the range at
which a weapon has a 50% chance of striking the target
on the first shot or burst.
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positions. A HEI projectile is not effective against

tanks. The HEI round has a maximum effective range of

3,000 meters. A timer will detonate the HEI projectile

if it has not exploded before 3,000 meters. [FM 23-1]

TOW Guided Missile and Warhead

The missile consists of a fuse, a warhead, a flight

control computer, eight guidance and flight fins, two

wire spools, and rocket motors mounted in a missile body

(see diagram on page 51).

The missile has a small infrared lamp in its base. The

sight unit on the BIFV has an infrared tracker and an

optical sight unit. The gunner tracks the target in his

sight and fires the missile. When the missile is fired,

the infrared tracker in the sight detects the infrared

lamp in the missile base. A computer in the sight

senses where the missile is (from the lamp) and where

the sight is pointing and makes the angle between the

missile and the sight go to zero by adjusting the

missile's flight path. The corrections are passed to

the missile through the two wires attached to the

missile's base.
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The gunner continuously tracks the target until the

missile hits or misses the target. The TOW has a very

high probability of hitting a target (90% at 3,000

meters), but it is also very slow (200 meters per

second). The maximum range for the missile is 3,750

meters and the minimum arming range is 65 meters.

HiQh Explosive Anti-Tank (HEAT) Ammunition

The TOW missile system only has one type of ammunition.

The HEAT projectile is a chemical energy weapon. The

damage to the target is derived from a high speed jet of

molten metal being expelled at the target (see diagrams

on pages 52 & 53)

The warhead is a cone shaped copper liner with an

explosive charge behind it. When the warhead is fired,

the explosive forces the copper cone into a long thin

stream. This stream is about 10mm in diameter, moves at

3,000 - 10,000 meters/second, and will burn its way

through most standard tank armor and any light vehicle

armor. An advantage of the HEAT projectile is that the

impact velocity has no effect on the warhead's

performance. [MICOMb, FM 17-12]
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A disadvantage of the HEAT projectile is the w~rhead's

sensitivity to distance from the target. The warhead

must be very close to the target (.5 meter) when it is

exploded. If it is too far away the metal stream will

scatter. If it is too close the stream will not be

formed properly. An extendable rod on the nose of the

missile ensures the proper distance before exploding the

warhead. [FM 23-1]

Fire Direction EquiDment

A BIFV is a complex and expensive piece of equipment.

It is a fast, maneuverable, and comparatively well

protected vehicle.

The BIFV is equipped with an optical rangefinder (soon

to be upgraded with a laser rangefinder) and an

Integrated Sight Unit (ISU). The ISU contains the

optics needed to obtain the range to the target, and

fire the automatic cannon, the missile system, and the

machinegun. The ISU has magnifying optics and also has

a passive infrared viewer to allow the gunner to detect

and engage targets during darkness and periods of

limited visibility. (FM 23-1]
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The purpose of the automatic cannon iL to get a

projoctile to impact on a target. Automatic cannon fire

is very accurate. A BIFV has a 50% chance of hitting

another personnel carrier (target area 3.0 meters X 2.0

meters) with the first APDS burst at 1700 meters.

Because of the ability to adjust from the strike of the

first burst, the probability of the second burst hitting

the target increases to over 90%. The HEI round does

not have as flat a trajectory or move as fast as the

APDS; however, the gunner can normally hit the target

with the second burst of HEI fire.

The machinegun is an area weapon which is used to engage

dismounted troops. The machinegun does not rely upon a

one shot-one target prinicipal like the TOW missile.

The gunner shoots at an area or group of dismounted

troops when using the machinegun. He sweeps the gun

over the target area to cover the entire area with

bullets.

As mentioned previously, the TOW missile system is a

very accurate weapon system capable of consistently

getting first round hits at long ranges.

Crew Actions in Combat
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This model is a simplified version of the Bradley

Infantry Fighting Vehicle. The vehicular crew of a BIFV

consists of a commander, gunner, and a driver. Although

the duties of the driver are very important to a vehicle

in combat, they will not be incorporated in this model.

Implementing an expert gunner has been done before; for

example, in the Phalanx system. This model will deal

with a stationary gunnery platform and concentrate on

the roles of the commander.

The vehicle commander's most important task is to find

and evaluate targets for the gunner. The commander does

this by constantly searching for movement, dust, and

reflected light (from windshields, headlights, or

armored vehicle periscopes). The commander focuses the

search on likely areas of enemy activity, such as roads,

trails, towns, and woodlines.

Once a target has been detected, the commander must

recognize and identify the object. Listed in Table 3 is

the model used by the U.S. Army Missile Command Electro-

Optical Laboratory. [Felts]
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Table 3 draws a distinction between the terms Detect,

Recognize, and Identify. The differences between these

terms are important and should be understood.

Activity Observer Action

Detect Detects that an
object is within
the field of vision.

Recognize Recognizes the
object and place
it into a type.
A type can be a
tracked or wheeled
vehicle, an artillery
piece, or personnel

Identify Properly identify the
target by specific
model. For example, a
tracked vehicle would
be properly identified
if the commander knew
it to be a British
Challenger battle
tank.

Table 3

Once the target has been properly identified the

commander must decide what to do.
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Engagement Options

There are many options for the vehicle commander to

consider. First, the BIFV commander will try to report

the enemy activity to his superiors. Then, the

commander must decide if the enemy target should be

fired at. Because firing at a target usually discloses

the BIFV's location, the value of destroying the target

must be weighed against the risk of exposure.

Alternatively, requesting artillery fire can often be a

good option for the vehicle commander. The request is

forwarded through artillery command channels to a firing

unit. Artillery fire is relatively accurate and covers

a large area. Artillery fire is very effective against

soldiers on foot and unarmored vehicles. Artillery fire

is less effective against armored vehicles even though

special armor defeating munitions have been developed.

After all, protection from artillery fire is why the

British developed tanks in the First World War.

The following actions occur if the commander decides to

shoot at the target with the automatic cannon.
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(1) The commander alerts the gunner, tells the gunner

to load the correct type of ammunition, and traverses

the turret to the approximate direction of the target.

(2) The gunner then tries to locate the target through

the gun sights. The gun sights have a more powerful

magnification, but also have a more limited field of

view.

(3) When the gunner is ready to fire he does so.

EngainQ Tanks

Tanks are nearly always engaged with the TOW missile

system because tanks are too heavily armored to allow

the APDS projectiles to penetrate. The TOW missile is

fired and tracked in the manner previously described.

The TOW missile warhead is usually powerful enough to

destroy most current armored vehicles with one hit.

Engagina Lightlv Armored Vehicles

Lightly armored vehicles are normally fired at with the

automatic cannon using APDS ammunition. When the cannon
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is fired, the gunner follows the flight of the

projectile to the target.
8

If the projectiles miss the target, the next burst is

adjusted towards the target. If the cannon projectile

strikes the target, then the damage to the target is

assessed. The gunner will continue to shoot at the

target until he or the commander believes it is

destroyed.

Lightly armored vehicles may also be engaged with the

TOW missile system if they are beyond the maximum

effective range of the automatic cannon.

Engaging Personnel

Personnel targets are not engaged in the same manner as

vehicular targets. Normally, enemy soldiers are not as

dangerous as enemy tanks and personnel carriers.

Personnel are engaged with machinegun fire if they are

within range of the machinegun. If the machinegun is

used, the gunner follows the path of the bullets through

8 The automatic cannon projectiles have a tracer
element in the base to make this easier.
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the use of tracers in the base of some of the bullets.

The automatic cannon will be used if the enemy soldiers

are out of machinegun range.

Caution needs to be exercised by the vehicle commander

when engaging enemy personnel. Although enemy soldiers

on foot are not usually a threat to the vehicle, they

are very dangerous if they are close (less than 300

meters) or if they are armed with Anti-Tank Guided

Missiles (ATGM's).

EngaQing Unarmored Vehicles

Trucks and their relations are easy targets for combat

vehicles. Unarmored vehicles have all of the weaknesses

of dismounted personnel and none of the strengths. They

are engaged in the same manner as dismounted personnel.

If there are more truck targets than the machinegun can

handle effectively, or if the targets are out of

machinegun range, the vehicle commander may use the

automatic cannon.
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Anti-Tank Missile Guided Missiles (ATGM)

ATGM's pose a serious threat to BIFV's. ATGM's are very

accurate and carry a powerful anti-tank warhead. The

TOW missile is an ATGM. The disadvantage of ATGM's is

that they fly slowly (200 - 400 meters/second) and must

be tracked to the target by the gunner. Consequently,

an ATGM's target can counter the ATGM by promptly firing

at the launch location. If a vehicle is present then it

is engaged appropriately. Otherwise, the commander must

assume that the ATGM is being fired by dismounted

infantry, and the launch area is fired at with the

automatic cannon to suppress the infantry assumed to be

there.

Other Targets

There are many known enemy targets which do not fit

these categories. Supply complexes, command posts, and

air defense sites are some of these. These targets can

all be effectively engaged if they are considered as

equivalent to a truck or infantry.
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Engaging Unknown Targets

The last type of target is when a previously undetected

target begins firing at the vehicle the commander is in.

The commander observes the flash of a firing weapon and

tries to identify the source. If the commander can

identify the source, then it is engaged as previously

described. If the commander cannot identify the source,

then he must infer what the source is from its weapon

signature. If this fails, the commander may infer that

the target is probably whatever type of enemy unit is

reported in the area. For example, if an enemy

motorized infantry unit is in the area, the commander

might conclude that the target is an armored personnel

carrier.

Once the decision to shoot is made, the engagement takes

place as before. It is important not to fire at unknown

targets unless they are firing at you. Friendly units

may be in the area. When in doubt, find out.
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ITarget Range Ammunition Special I
IType to Fire Considerations

lAny >3.7km None Report and I
request

I artillery fire I

ITank 65m-3.7 kM TOW None

ITank > 3.7 km Artillery Special

Munitions

jArmored 0-1.7 km APOS None

Vehicle

1.7-3.7 km TOW None

> 3.7 km Artillery Special

Munitions

lUnarmored 0-0.9 km Machinegun None

IVehicLe
0.9-3 km HEI None

> 3 km Artillery Terrain

dependent

ImissiLe 0-3km HE! None

ILauncher

> 3 km Artillery Terrain
I dependent
Ie t

PersonneL 0-0.9 km Machinegun None

0.9-2 km HEI None

> 3 km Artillery Terrain

dependent

lOther 0-3 km As required

IUnknown 0-3.7 km Any Receiving fire

Evaluate the area around the

weapon firing. If noenemy

are seen and the firing

continues, fire at the weaponl

signature.

Table 4



46

*0 of OW

a,9 0

cyc

0 4 -if

w .. 0

0

0

0



47

r"
W

=mC

- S . q

eI I

VIV

'4P

00



48

op 1

4 04

.0.eV

P-1

'40 C

.0.p4

a ..54.

C C

* -i

4
IV

C -i
Ut A



49

10

Cori

CON
%AD

.9--

St S



50

Gao

1u4

awa

Cl ~ -
Q4 U

pq
* 9



5 1

P4 z

CC

CI

P-4

PEA

U'A

A

PC
IV



52

GAA

C C

GoG

Si C

4 &4

*-

C

x Go

4
= AS

mdo

IV

40
do



53

39u

az

sGD

go'

'4c

II

Go C
--

a, M



54

Chapter 5 Uncertainty in Battle

A Bradley Infantry Fighting Vehicle is a deadly,

accurate piece of equipment. Hitting the target is not

really a problem. The most difficult decision is

deciding what to shoot at and what not to shoot at. For

example, trucks are fair game, but ambulances are not;

an unidentified tank may not be an enemy tank. Similar

objects are easily confused.

Often, a combat vehicle commander must decide what to

shoot at from limited information. Sometimes the

commander will have a positively identified target, and

he must only make the relatively easy decision of how to

engage the target. It is in the areas of uncertain

tactical information or incomplete target information

that the commander has difficulty.

There are many factors the combat vehicle commander must

consider before firing on an unidentified target. At a

minimum the following items need to be considered.

The current tactical situation is important. If the

friendly forces are attacking, there is a high

probability that some friendly units are in front of the
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BIFV. Then the question becomes what the target type

is. If the commander knows that there are friendly

combat forces ahead of him and he sees a truck, then he

will probably fire at it. Similarly, he has a higher

expectation of firing at a tank which is facing him than

at a tank which is moving away. This is because a

friendly tank to his front that is attacking should be

following the latter course. An enemy tank should be

facing him from a defensive position with the front of

the tank facing him.

If the commander is the leading unit in an attack the

decisions become much easier. The commander is now free

to shoot at anything ahead of him, excluding

noncombatants.

If the friendly forces are defending, a different set of

rules needs to be applied. The first question is

whether or not any friendly units are located in front

of the commander. There may be security or

reconnaissance units forward of the BIFV. If these are

being driven back by the enemy, they will be approaching

with the front of their vehicles facing the BIFV, just

like the following enemy forces.
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Knowing the current locations of enemy and friendly

units is also important. A personnel carrier of unknown

identity within a friendly defensive perimeter is

probably friendly. On the other hand, any vehicle or

movement within a known enemy position is probably an

enemy and should be engaged.

There are certain places different types of vehicles are

found. For example, trucks are very rarely found in or

forward of the front lines. If a tank participating in

an attack has travelled several kilometers past the

enemy front lines, then the following would all be

legitimate targets.

Unidentified trucks.
Unidentified artillery pieces.
Tents or command posts.
Signal installations
Air Defense units.
Missile units

These are all legitimate targets because of where they

are. However, this legitimacy is based on current

information. Information more than a few hours old can

lead to incorrect assumptions.

The final factor to consider is target formation and

terrain. Unknown vehicles moving cross country are

probably combatants. The same applies to people on foot
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moving cross country. Civilians will almost never move

across country; they normally move on roads instead.

Hence, it is a safe assumption that vehicles seen moving

through a field in a combat zone are combatants. This

assumption is reinforced if the people or vehicles are

moving in a column or line. Additional reinforcement

comes from the distance between individual people or

vehicles. Soldiers normally travel in dispersed

formations to reduce the damage caused by enemy fire.

Civilians travel in close groups.

Objects on roads are not as easy to identify. The

military uses roads almost as frequently as civilians,

and looking for formations does little good. Traffic on

a road is in a column regardless of whether or not it is

military. The commander needs to have positive

identification or apply one of the other factors

previously discussed to fire at targets on a road.

Unfortunately, the application of the terrain and

formation rules only tell the commander whether or not

the targets are combatants. The use of terrain and

formation rules will rarely tell the commander whose

side the combatants are on.
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The most difficult part of using these decision factors

is combining them. Unidentified infantry following an

identified enemy tank can be assumed to be enemy

infantry. On the other hand, unidentified infantry

shooting at an identified enemy tank can be assumed to

be friendly.
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Chapter 6 Gathering Information - Sensors

A combat vehicle commander collects information with his

eyes and ears. The most important is his vision. He

sees what is happening around him, and he listens to his

radio for information concerning enemy and friendly

activity.

The information collected by the commander supplements

his existing information. An expert system assisting

or replacing the tank commander and gunner would need

similar information to make useful decisions.

Types of Electro - optical Sensors

There are several different kinds of electro-optical

sensors. The most common sensors use the infrared

spectrum, both passive and active; active millimeter

wave radar; and passive visible spectrum (television

type) electro-optical systems.

A passive system amplifies existing energy, whether it

is visible or not. Looking through a pair of binoculars

is an example of passive information collection.
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An active system is one that sends out some type of

energy and then receives and interprets the return.

Driving a car at night is an example of this. The light

from headlights is the energy being sent out and your

eyes and brain are the processors for the information

being returned. Active systems are more susceptible to

detection because they emit some type of energy.

Detection may lead to enemy jamming or enemy attacks.

All of the sensors mentioned previously have strengths

and weaknesses. By carefully choosing the sensors in

groups that complement each other, a sensor "suite" can

be made which will work in most conditions. Current

"smart" systems use these sensor suites to provide good

information and withstand countermeasures. One of the

better combinations is Imaging Infrared and Millimeter

Wave Radar. Both of these will be discussed in detail.

(MICOMb]

Imaging Infrared (IIR) is a passive system which

operates in a range with a wavelength from 1 millimeter

to 100 micro-meters (1 - 300 terahertz). To give the

reader an idea of where this is, the following table is

provided.
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Electromagnetic
Emission Freauency Wavelength

Electrical Power 3-300 Hz 100 - 1 Mmeters
Radio Waves 10KHz-300MHz 10 Kmeters-

1 meter
microwaves 1-300 GHz 1 meter-i mmeters
Infrared 1-300 THz 1 mm-i micrometers
Visible Light .7-.4 micrometers

(red=.7 micrometers)
(violet=.4 micrometers)

Ultraviolet 30-1 nmeters
X-rays 1 nmeter-10

pmeters

Hz = Hertz = £ycles per second
T = Tera = 10
G = Giga = 109
M = Mega = 106
K = Kilo = 103
m = milli = 10

- 3

micro = 10 - 6

n = nano = 10- 9

p pico = 10-
12

[BDM]

Table 5

As you can see, the infrared spectrum is just below the

red end of the visible light spectrum. Normal

battlefield emissions in the infrared range include:

(1) fires and weapon discharges;
(2) vehicle engines, transmissions, and

wheels/tracks; and
(3) body heat.
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A tank viewed through an IIR thermal viewer appears as a

light colored tank on a dark background. The engine

compartment, the tracks, and the wheels appear to be

brighter than the rest of the tank. The brighter

appearance is caused by the higher temperature of those

parts of the tank. The black background is from the

cooler atmospheric temperature.

A thermal viewer works by having an IIR sensor cooled to

cryogenic levels (77 degrees Kelvin) with a cooling

system. The sensor then picks up the minute differences

in temperature change, processes the signal and produces

an image for viewing. [Felts]

IIR sensor systems work well during periods of darkness

and are not effected by rain or smoke. Dust does

degrade the performance of IIR sensors. A typical

military IIR sensor allows vehicular target detection

and recognition in excess of 3,000 meters. [MICOMb]

Millimeter Wave (MMW) radar operates in the lower end of

the microwave frequencies near the infrared band. The

MMW sensor consists of a transmitter, a receiver, and a

processing unit. The transmitter sends out a signal

which is reflected off of the objects it strikes. The
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receiver picks up the returning signals and send them to

the processing unit. The processing unit then produces

an image from the returned signals.

By sending the returned signal to a different type of

processor, the radar can compare the returned signals

with "snapshots" of normal vehicle radar returns.

Checking this table allows the radar to determine the

target's identity. An active MMW in good conditions can

correctly identify a target well past the ranges needed

for this thesis. (Emmons 88]

Active MMW has the ability to accurately determine the

range to targets and provides a better identification

capability than any other sensor system. In addition,

the narrow bandwidth of the MMW transmitter makes MMW

less susceptible to jamming and more accurate at angular

tracking than other systems.

The disadvantages of MMW radar lie principally in the

fact that its transmission is severely attenuated by

rain or heavy fog. For this reason a MMW sensor is

often paired with an IIR sensor to provide an all-

weather capability. [MICOMb]
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If a fully automated gunnery system is ever implemented

these sensors or something similar to them will be used.

Sensors like these can also be expected on a gunnery

system which detects and alerts a human vehicle

commander.
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Chapter 7 Modelling a Gunnery System

The most difficult aspect of implementing an automatic

gunnery system is replacing the commander. Loading the

correct ammunition and firing it at the correct target

are comparatively easy. There are several systems

currently available (e.g., the U.S. Navy's Phalanx Anti-

Missile Defense System) which combine guns with radar to

automatically engage and destroy hostile targets.

However, all of these systems are anti-aircraft weapons.

They will automatically engage any aircraft within range

if they are allowed to.

To return to the task of the commander. If the sensor

information available to the commander is clear and

without uncertainty then the commander's job is

relatively straightforward. However, land combat

information is rarely clear or certain. Smoke, dust,

vegetation, and enemy jamming combine to make

information uncertain. It is this uncertainty that

makes the commander's job difficult.

Many times, a commander must take whatever information

he has and act on it. Even if the information is

uncertain, the commander must make a decision. In this
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gunnery model, the commander must decide whether or not

to engage a target and what weapon and ammunition to

use. An incorrect decision could either cost the lives

of friendly troops or allow the enemy to win.

In the instances discussed before there are several

common variables. The commander (or expert system)

needs to consider these variables when he is making a

decision on based incomplete information. The

attributes are shown in Table 6.

General Information
Weapon and Ammunition Availability
Current Friendly Tactical Situation
Current Enemy Tactical Situation
Type of Enemy Unit known to be in the area
Status of Friendly Patrols
Status of Civilian Refugees

Specific Information
Target Side (Friendly, Enemy, Unknown)
Target Type
Target Range

Information for Uncertain Targets
Current Known Enemy Locations and Types
Current Known Friendly Locations and Types
Multiple Targets
Target(s) in Formation
On, near, or away from a road

Table 6

By considering this information the commander will

decide whether or not to shoot. If the target is
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clearly identified as an enemy, the commander will

shoot. If it is friendly, the commander will not shoot.

The problem lies between these two extremes.

If the target's side (friendly or enemy) or type is

uncertain, the commander must ask himself questions

about the target's attributes shown in the Table 6 for

Uncertain Targets.

Current Systems

A problem with current systems is that they do not ask

these questions of themselves. The Defense Department

and the Army are both working on expert gunnery systems.

The Defense Department work is being done by DARPA while

the Army work is being conducted by the Army's Missile

Command (MICOM).

Much of DARPA's work centers around case-based

reasoning. Case-based reasoning is based on the

following scenario.

A problem is presented to a system. This system

searches its memory for a similar problem. It
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"remembers" a previous problem that is similar to the

current one. The system then focuses on the

similarities between the new problem and the old

problem. The solutions for these similarities are

extracted from the old problem and applied to the new

problem. [Kolodner 88a) If the new problem is not

solved, the system applies rules to the remaining parts

of the problem to completely solve it. [Koton 88]

This is the same reasoning process that many men use

when they are presented with a everyday problems. The

process has just been applied to a machine. The

difficulty with the case-based reasoning process is that

it consumes memory and micro-processors at a prodigious

rate. In fact, the few working applications require

parellel processors or supercomputers to work

adequately. [Kolodner 88b]

MICOM's gunnery systems are based on the millimeter wave

radar systems discussed earlier. If a target is

correctly identified then the system acts on that

information. If a target cannot be identified then the

system does not know what to do and it stops. The MICOM

system does not incorporate uncertainty at all. The
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target must be correctly identified9 for the system to

work. [Emmons 88)

However, it is not unreasonable for a system to ask for

more information when it needs it. Sensors and

databases are able to return answers to the questions a

commander normally answers himself with his eyes and a

map. A computer program should be able to control the

sensors and databases to provide itself with the same

information.

The model in this thesis is a rule based expert system

that interacts with its sensor system to arrive at

conclusions. The model does not ask any questions which

are not available to either a vehicle commander or a

computer with sensors and a database . Interactive

expert systems are not new. The originality of this

model comes from formalizing the gunnery process and

developing a rule base for it.

The bulk of the work for this thesis is a program which

implements Table 6. The program correctly selects the

9 To identify means to correctly determine the target's
type and model. For example, a correctly identified
tank is a Leopard 2 of West Germany.



70

weapon and ammunition to fire at a known enemy target.

It will not fire at a known friendly target. The

program asks the user questions about the same topics

covered in Table 6. The program uses the answers to

these questions to determine whether or not it should

fire at a target and if so, what weapon and ammunition

combination is best. The program was implemented using

the M.1 programming shell.
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Chapter 8 The M.1 Programming Shell and
Inference Engine

This section is included because although M.1 is

designed to be very readable, M.l's control loops and

the assignment of values to expressions is unlike any

other language I have seen. This section will briefly

describe the M.1 code. A full listing of the program is

included at Appendix I.

M.1 is a product of Teknowledge Incorporated. It is

written in the "C" language and was introduced to allow

prototyping knowledge systems. The M.1 system can

accommodate up to 2,000 rules and facts, and uses a

backward chaining inference engine to arrive at its

conclusions.

M.1 uses the same certainty theory as the MYCIN system

discussed in Chapter 2. Rules and facts are represented

in attribute-value pairs (called expressions) with

associated certainty factors (cf). The only difference

between the certainty factors of MYCIN and M.l is that

while MYCIN's range is from -1.0 to +1.0, M.1's range is

from -100 to +100. [Harmon 85]
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Control of a program in the M.1 shell is different from

most other languages. M.1 is a backward chaining

inference engine; therefore, it is trying to support a

goal. A goal is specified at the beginning of the

program, and all of the actions of the program are in

search of that goal. Once the goal is found the program

halts.

The user can also specify an item called "initial data".

The initial data is a set of sub goals, and M.1 searches

for all of the initial data conclusions before looking

for the goal. An iterative program is accomplished by

having only an initial data set and no goal.

An example from my program is shown below:

initiatdata =

Cbegin the-consuttation, continue the-consuLtation, att-targets-engagedi.

With this initial data set, M.1 will solve for the three
items

begin the-consuLtation

continue the-consuL tat ion
aLL-targets-engaged

in that order.

The goal begin the-consultation is a message telling the

user what the program does, asking if he is prepared to

continue, and halting if he is not. This is done with

the only control statement available in the M.l shell,
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the IF...THEN statement. The IF section of the

IF...THEN statements is able to do more than one

operation or evaluation by having multiple expressions

linked by Boolean "and" operators or Boolean "or"

operators.

The THEN section can only have assignments to one

expression.

Example:

if begin message = M and
display(M) and
begin signal and
friendly-status is sought and
enemy-status is sought and
enemy-unit-type is sought and
patrol-status is sought and
civilian-status is sought

then begin the-consultation.

This control statement displays the message (see the

first two pages of Appendix I), asks if the user is

ready to continue (the expression begin signal), and

then asks the user for information on friendly and enemy

status, enemy units types, and the status of friendly

patrols and civilian refugees. Execution of this

statement stops if the response to begin signal is no.

The next statement in the program is
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if (not begin signaL) and

dispLay("\t TeLL the computer 'go' when you are ready to proceed \n") and

dispLay("\t or 'exit' to Leave the M.1 sheLL.") and

do(abort)

then begin the-consuttation.

The "do(abort)" statement aborts the program.

The "<expression> is sought" statement lets the program

continue regardless of the value returned. For example,

the expression

enemy-status is sought

lets the M.1 shell get a value for the expression enemy-

status and continue, regardless of the returned value.

This is useful when you only need a value assigned to an

expression or when the answer is not a simple yes or no.

The value for the expression enemy-status is sought by

M.1 before it continues to the next statement. To do

this, M.1 looks for enemy-status in the conclusion of

other IF...THEN statements.

However, M.1 will not find the expression enemy-status

in the conclusion of an IF...THEN statement. M.1 will

then look to see if enemy-status is listed as a

question. It is. The section of code below

question(enemy-ststus) a

("What is enemy's current tacticat posture?"].

Legatvats(enemy-status) a [attacking,defending,withdrawing,detayl.

automat i cmenu(enemy- status).

enumeratedasmwers(enemy-status).
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will generate the following information on the screen

What is enemy's current tactical posture?

1. attacking
2. defending
3. withdrawing
4. delay

M.1 allows the user a number of ways to respond. If the

user wanted to respond with defending, he could answer

with the number "2", the letter "d", or type out

"defending". All have the same effect.

Certainty Factors in M.1

Certainty factors can be assigned explicitly with

statements like

if seLf-defense = yes

then shouLd-fire z yes cf 100.

In this case should-fire is explicitly set to yes with a

certainty of 100. Any previous value for should-fire is

lost.
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Certainty factors can also be modified in conjunction

with responses or values such as

if the-side is sought and

the-side a not-knowdn and
status-check x SC and

do(set maybe-shouLd-fire a yes cf SC) and

maybe-shouLd-fire a FinaL

then shouLd-fire = FinaL.

In this case the value of maybe-should-fire is updated

using the MYCIN certainty method discussed in Chapter 2.

The M.1 operator "set" is what allows the values for

expressions to be adjusted using the MYCIN certainty

method.

As you can see from the previous block of code, the

expression maybe-should-fire is set to yes with a

certainty factor of "SC". SC is a variable bound to the

expression status-check and could be any value from -100

to +100.

Tracing through the operations on status-check will help

explain both variables and facts in M.1.

In searching for a conclusion leading to status-check,

M.1 will find this rule.
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if friendty-status = FS and

enemy-status = ES and
status-check-function(FS, ES) = SCF

then status-check = SCF.

Both friendly-status and enemy-status have a value

associated with them from previous questions. These

values are passed to the fact status-check-function.

There is a fact status-check-function for every possible

combination or tuple of friendly-status and enemy-

status.

Some of the 28 tuples are shown below:

status-check-function(teading, attacking) = 60.
status-check-funiction(attacking, attacking) = 55.
status-check-function(defending, attacking) = 60.
status-check-function(in reserve, attacking) 50.
status-check-function(withdrawing, attacking) = 50.
status-check-function(detay, attacking) = 50.

The number at the end of each tuple is the value which

will be returned by status-check-function, and then

returned to status-check. The expression status-check

is then returned to the original IF...THEN statement

where the expression maybe-should-fire is updated with

the value returned for status-check.

The last function to be discussed is the reset function.

This function is vital if the expert system written in

M.1 is iterative in nature. If the entire program is

always to be rerun, a simple command of do(reset) is
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adequate. However, if background information is asked

only at the beginning of a session, the reset command

must be used selectively

Example:

if continue the-consuttation and
do(reset continue the-consuttation) and

do(reset self-defense) and

do(reset shoutd-fire ) and

do(restart)

then alt-targets-engaged.

This fragment of code will reset continue the-

consultation, self-defense and should-fire to be totally

without value. Consequently, on the rext iteration,

their values will again be sought.

Finally, the command do(restart) will restart the

consultation from the beginning. The consultation will

seek values for all expressions that have been reset.

The command do(restart) is just before the conclusion of

the rule then all-targets-enQaged. If you will recall

from the beginning of this chapter, the program's

initial data ended with all-tarqets-enqaqed. M.1 seeks

this value to end the session, but if the user chooses

to continue, the conclusion of the rule is never

reached.
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Chapter 9 The Expert Gunnery Model

An inference tree of this expert system is provided for

the reader at Appendix V to help explain the workings of

this expert system.

The initial data M.1 is seeking in this model is the

expression begin the-consultation. As mentioned

previously, this expression confirms that the user is

prepared to continue and gets some preliminary data from

the user. This includes the following information

(shown with choices):

Current Friendly Tactical Situation: Leading (i.e.,

leading the attack), Attacking, Defending, Reserve,

Reconnaissance, Withdrawing and Delaying.

Current Enemy Tactical Situation: Attacking, Defending,

Withdrawing and Delaying.

Type of Enemy Unit known to be in the area: Tank,

Motorized Infantry (Armor Personnel Carriers),

Infantry.

Friendly Patrols in this area: Yes, No.
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Civilian Refugees in this area: Yes, No.

Once this background information is gathered, the

expert system asks if the target is shooting at the

user. If the answer is yes, the expert system goes into

a targeting phase where the target range and type are

gathered. The range is input in meters and the target

type is input as an enumerated question with these

choices.

Tank, Armored Personnel Carrier, Self

Propelled Artillery, Towed Artillery, Anti-

Tank Units, Infantry, Trucks, Logistics Areas,

Command Post, Tracked, Wheeled, Dismounted, or

Uncertain.

The input of a target type and a range lets the expert

gunnery system select the best weapon and ammunition to

destroy the target. Weapon and ammunition selections

are made in accordance with Table 3.

lu In this model the vehicle's weapons are assumed to
be fully operational and all ammunition is assumed to be
on board.
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If the target is not firing at the user then the Target

Side is requested with the responses being either

friendly, enemy, or not-known. If friendly is chosen

then the iteration ends. If enemy is chosen, the expert

system enters the targeting phase mentioned before. The

uncertainty addressed in the model comes into play if

the user selects notknown as the response to Target

Side.

When notknown is selected for Target Side then the user

is shown a new set of questions. The questions and

their responses are shown below.

Is the unknown target on, near or away from a road?:

On, Near, Away.

Is the target located near a known enemy or friendly

position? Enemy, Friendly, Neither.

Are there more than one unknown targets? Yes, No.

Are the target(s) in formation? Yes, No.

Answers to these questions are run through "facts"

similar to the status-check-function discussed earlier
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in Chapter 8. The result is a value which is assigned

to should-fire. If should-fire is yes with a cf greater

than or equal to 80 then the following statement does

the bulk of the work for the rest of the iteration.

if self-defense is sought and

should-fire is sought and

should-fire cf N and

N >= 80 and
weapon-setected is sought and

anmunition-setected is sought and
the-user-is-finished = Answer

then continue the-consuLtation = Answer.

If should-fire is less than 80, then this statement is

executed.

if self-defense is sought and

shoutd-fire is sought and

shoutd-fire cf N and

N < 80 and
the-user-is-finished = Answer

then continue the-consultation = Answer.

Both of these statements are seeking the initial data

expression continue the-consultation. If the-user-is-

finished is yes (i.e., true) then continue the-

consultation is set to true through the variable Answer.

The opposite holds for a response ot no (false). The

final initial data element all-tarqets-enqaged is then

sought. However, all-targets-enQaged is never reached

because the expert gunnery system is always ei:her

restarted or aborted before it is.
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To completely follow this model through several

iterations please refer to Appendixes III and IV. M.1

has the ability to take a "photo" session of the screen

as a user runs the program. M.1 also has the capability

to show the user all of the rules as it uses them in

search of goals. Appendix III is a session without a

trace of all the rules. It is exactly what the normal

user will see when running this expert system. Appendix

IV is a session with the rule tracing element on.

The expression should-fire is the key to firing at an

unknown target. The tuples impacting the certainty

factor for should-fire are listed below.

The tuples for status-check-function are the first

tuples evaluated. They are based on the friendly status

and the enemy status in that order.

status-check-function(leading, attacking) = 60.
status-check-function(attacking, attack.ing) = 55.
status-check-funiction(defending, attacking) = 60.
status-check-function(in.reserve, attacking) = 50.
status-check-function(recornaissance/observation, attacking) 10.
status-check-function(withdrawing, attacking) = 50.
status-check-function(detay, attacking) = 50.

status-check-function(Leading, defending) z 55.
status-check-function(attacking, defending) = 50.
status-check-function(defending, defending) = 40.
status-check-function(in reserve, defending) = 30.
status-check-function(reconnaissance/observation, defending) 5.
status-check-function(withdrawing, defending) = 5.
status-check-function(deLay, defending) = 5.
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status-check-function(Leading, withdrawing) = 60.
status-check-function(attacking, withdrawing) = 55.
status-check- funact ion(defaniding, withdrawing) a30.
status-check-funactiori(in reserve, withdrawing) z 20.
status-check-function(reconnaissance/observatio,, withdrawing) =10.
status-check-fuzlction(withdrawing, withdrawing) - 5.
status-check-function(delay, withdrawing) z 5.

status-check-functiori(leading, delay) = 10.
status-check-fuxnction(attacking, delay) =55.
status-check-function(deferding, delay) a 30.
status-check-function(in reserve, delay) = 20.
status-check- funct ion( reconnalssance/obeervat ion, delay) = 10.
status-check-function(withdrawing, delay) = 5.
status-check-function(delay, delay) = 5.

The tuples for dismounted-check-function are based on

the target type, the presence of friendly patrols, and

the presence of civilian refugees. As you can see, if

the target type is infantry, dismounted, or uncertain,

and either civilians or patrols are present, the

certainty of should-fire is dramatically lower than if

the target is any other type.

dismouznted-check-function(infantry, no, no ) = 10.
dismounted-check-fuaiction~infantry, no, yes ) = 10.

dismousnted-check-function(infantry, yes, no ) = -20.
dismoqumted-check-function(infantry, yes, yes) = -30.

dismouated-check-function(dismou.nted, no, no ) = 10

dfsmuwted-check-functfoi(dsmoexted, no, yes ) =-10.
disrmted-check-fw~ction(dismouwited, yes, no ) = -20.
dismounted-check-function(disounted, yes, yes) = -30.

dismounted-check-function(Lamertain, no, no ) = 10.
disozted-check-function(unrcertafn, no, yes ) = -10.

dismounated-check-function(Lzncertain, yes, no ) = -20.
dismounted-check-funtction(uncertain, yes, yes) x -30.
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dismounted-check-function(ANY, no, no ) 40.11

dismounted-check-functin(ANY, no, yes ) = 30.
dismounted-check-function(ANY, yes, no ) = 20.

dismofted-check-fuction(ANY, yes, yes) = 10.

The tuples for location-check-function are based on

whether or not the enemy is on, near, or away from a

road, and if the target is near an enemy or friendly

position. In principle, the further away from a road

the target is, the more likely it is a combatant.

Proximity to an enemy location will indicate the target

is probably an enemy. Proximity to a friendly location

implies friendly troops. Being close to neither can

indicate nothing in some cases. These characteristics

are shown in the certainty factors in the nine tuples

for location-check-function. Note the low certainty

factors associated with the last three tuples.

Location-check-function(on , enemy) = 20.

location-check-function(near, enemy) = 25.
Location-check-function(away, enemy) = 30.

Location-check-function(on , friendly) = -20.
location-check-function(near, friendly) = -20.

location-check-function(away, friendLy) = -20.

I± ANY is a reserved word in M.1. It works for any

value of an expression. In this case, if the target-
type is not either dismounted, infantry, or unknown,
then the four rules shown with ANY would apply. This
lets the programmer escape the drudgery of writing out
all of the tuples if there are only few exceptions to a
general rule.
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tocation-check-function(on , neither) = 0.
location-check-function(near, neither) = 0.
tocation-check-functon(away, neither) = 10.

The last tuples which determine should-fire when the

target's side is unknown are formation-check-function.

These tuples are based on whether or not there are

multiple targets and also whether the multiple targets

are in formation. A yes to both questions will increase

the certainty factor for should-fire, as will a yes for

multiple targets and a no for their being in formation.

A "no-no" answer should obviously add nothing to the

certainty factor, and a "no-yes" is an invalid answer.

It is impossible not to have multiple targets (i.e.,

only one target) and have a formation.

formation-check-function(no, no) = 0.

formation-check-function(no, yes) = 0.
formtion-check-function(yes, no) = 10.

formation-check-function(yes, yes) = 15.

The assignment of weapons and ammunition in the model is

made with simple facts readily visible in Appendices I

or II. These facts were made in accordance with Field

Manual 23-1, Bradley Fighting Vehicle Gunnery, and

accepted field artillery procedures for target

engagement.
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Validity of the Certainty Factors

In this model I have been both the knowledge engineer

and the expert. This can be either good or bad

depending on your point of view. The result is that the

values for the certainty factors are based solely on my

opinion. However, my opinions are no better or worse

than any other infantry officer's. My experience has

shown that very few officers would agree completely with

the values I have given for the certainty factors.

However, if I asked ten different Army officers to give

me certainty factors for my model, I would receive ten

different answers. Furthermore, these officers would

not be able to justify their answers any better than I

can. They would only "feel" that their answers were

more accurate.

Despite all of the science and technology applied to

"Military Science", some pieces of it are still an art;

deciding the best time to act is one of these pieces.

For these reasons I am satisfied with leaving the

certainty factors as they are.
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Model Validity

The Certainty Factor Theory developed by Buchanan and

Shortliffe for the MYCIN system is imperfect. There

have been many criticisms of the system and the theory

behind it. Even Buchanan and Shortliffe agree that it

is not a perfect system and that it has its flaws.

[Buchanan and Shortliffe 84] Nevertheless, I chose this

system over others for a variety of reasons. Some of

these reasons are practical while others are academic.

First, I decided that I would not write an inference

engine of my own. This could be a masters thesis topic

in itself, which would have precluded any further

analysis. This led me to use an existing commercial

application.

Second, the existing commercial packages are very

expensive. They typically cost several thousand

dollars. Furthermore, most of the commercial packages

do not deal with uncertainty. Many of those that do

deal with uncertainty use MYCIN Certainty Factor theory.

M.1 is one of these.
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Third, after an extensive survey of all existing systems

the U.S. Army (of which I am a member) decided to

purchase the M.1 Inference Engine from Teknowledge. M.l

is currently used by the U.S. Army for prototyping small

knowledge systems. I prefer this thesis to be of some

use to the Army or the Defense Advanced Research

Projects Agency. Writing it with M.1 will increase the

likelihood of that occurring.

Fourth, I would like to see this thesis implemented.

M.1 is written in "C" and has the ability to control

external devices and drivers. My next assignment is as

a computer science instructor at the United States

Military Academy at West Point. I hope to have the time

and the equipment to implement part of this thesis

there.

All of these are practical considerations for using M.1.

From an academic standpoint, I am disappointed that

DARPA is so committed to using case-based reasoning for

everything. Admittedly, case-based reasoning and

machine learning will be great tools for the future.

They are also the only technologies available to solve

some problems (e.g., robotic vehicle drivers). But,

limited domain problems like gunnery are solvable with
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rule based systems. There is no need to invest the

processing power or the memory requirements for a case-

based reasoning system in a simple limited domain with a

limited response.

DARPA is having some success with case-based reasoning

for robotic vehicle "drivers". I believe the memory

requirements for a robotic driver with case-based

reasoning to be much less than those for a robotic

commander with similar logic. This is apparent when you

compare the experience of a vehicle commander with the

experience of a driver. The commander is the most

experienced member of the crew. Although the

commander's decisions are controlled by only a few

rules, the experience needed to gain them is important.

This experience will require a lot of memory in a cased-

based reasoning system.

However, the task of deciding whether or not to shoot at

a target is a comparatively simple classification

problem. Rule based systems are excellent for solving

classification problems with low level input.

My goal in this thesis was to prove that a solution to a

gunnery problem with uncertainty could be achieved with
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a rule based system. It does not matter if that rule

based system is implemented using certainty factors,

fuzzy sets, or any other theoretical foundation. The

fact remains that limited domain problems are solvable

with rule based systems regardless of their complexity.

I believe I have shown this in this thesis.

As far as the disadvantages of using certainty factors

are concerned, I believe that I have successfully

countered most of them. I tried very hard not to

introduce any inconsistencies into the knowledge base.

The problem with the length of the inference chain has

been contended with by keeping the inference chain as

short as possible. Finally, the "snapshot" nature of

certainty factors is answered by having the system just

look at "snapshots". The system can be used for

extended periods because the system is only activated

when the sensor detects a target. Thus, after making a

decision, the system resets itself and waits for another

target.
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Chapter 10 Summary and Conclusions

I have explained the mental processes and the tools used

in Bradley Infantry Fighting Vehicle gunnery.

First, I presented an overview of expert systems in

general and the MYCIN certainty factor theory in

particular. Next, I showed why an expert gunnery system

would be a useful system.

Current gunnery methods and battle uncertainty were

discussed in Chapters 4 and 5. I showed how gunnery is

currently carried out and some of its inherent problems.

Uncertainty in battle is very important. Mastering it

is the key to success. Battlefield commanders rarely

have a complete picture of the battle. They must guess.

If expert systems that correctly make decisions in

uncertain situations cin be introduced at a low level on

the battlefield, then men can be released for other

duties.

Such expert systems would need information. I have

discussed how these expert systems would get sensor

information in Chapter 6.
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The information available to the model is well within

the reach of current sensor technology and map

databases. The expert system is provided no more

information than most vehicle commanders have available

in combat.

Finally, I have discussed how to model a gunnery system

and how to implement it with the M.1 inference engine.

The goal of this thesis is to prove that a rule based

expert system for land gunnery is possible, and that it

will work with uncertainty. The system I have

constructed works reasonably well, and makes logical

tactical choices from the information available to it.

In working towards this goal, I have achieved other

benefits.

1) In this thesis I have presented a formal model for a

gunnery system. This formal model breaks the gunnery

process into discrete blocks. Each block builds on its

predecessors until a decision is made.

2) This model may be of further use to the military in

other problems or for analyzing the way we currently
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teach soldiers to solve gunnery problems and battlefield

situations.

3) I integrated very diverse resources into a

comprehensible and meaningful thesis topic. This thesis

combines my experience as an Infantry officer with what

I have learned in my Computer Science studies. This

combination allows me to look at some problems with a

unique insight.

4) In developing this model, I have built a rule base

for the expert system. This rule base combines my

experience in both the Army and in Computer Science.

The rule base contains 282 rules and implements the

expert gunnery model as I have outlined in this thesis.

5) Finally, I have provided another proof of a MYCIN

based expert system working in a classification problem.

This application is new for a MYCIN based system.

The next task to be done on this system is to integrate

sensors and databases into it. Portions of the program

presented here could even be used. M.1 is written in

"C" and can be made to call and control external "C"
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routines and devices. I hope to continue this work at

West Point during my tenure as an instructor.
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APPENDIX I

Appendix I contains the source code for the expert
gunnery system.

/*

Bradley Fighting Vehicle Expert Gunner
Version 1

Date: 17 August 1988

Author: Timothy J. Gibson

Captain, Infantry

U.S. Army

This knowledge system has been built using N.1 (c) Expert System SheLL

version 2.1(1) from

Teknowtedge, Inc.

1850 Embarcadera Road

Palo Alto, CA 94303

An original manufacturer's copy of M.1 (S/N 06791) was provided to the author by the

Department of Computer Science at the United States Military Academy, West Point, N.Y.
10996-1695 for use solely on this Master's Thesis at the University of Kansas, Lawrence, KS

66045.

*/

prefix begin.

prefix end.

prefix continue.

initiatdata a

(begin the-consultation, continue the-consultation, all-targets-engaged].

/*

Header
*/

begin message - [
nt " ",

nt, "  The M2/M3 Bradley Fighting Vehicle Gunner Advisor ",

nt," A system to assist a vehicle coumander in deciding ",

nt," whether or not to fire on known or unknown targets,",

nt," and to provide the commander with the correct weapon",

nt, "  and ammunition combination for the job.

nt ,"

nt," Built by CPT Timothy J. Gibson."].
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nocache(begin message).

question(begin signaL) = C
nL," In order to run this weapon adviser the user needs to know",
nI," or have access to the range to specific targets or a rangefinder,",
n,"1 a map, and current inteLligence reports.",
nL ," ",

n L Nl ,e

n'l," Are you prepared at this time?"].
LegaLvaLs(begin signal) a Eyes, no].

automaticmenu(begin signal).

enu eratedanswers(begin signaL).

This section of code displays the opening message and asks the user if
he/she is ready to begin. If they are ready to start then the program

asks the user for some background information.
*/

if begin massage aN and
dispLay(M) and

begin signaL and

display("\f") and

friendly-status is sought and

enemy-status is sought and

enemy-unit-type is sought and

patroL-status is sought and
civitian-status is sought and

disptay("\f")

then begin the-consultation.

if (not begin signal) and

dispLay("\t Tell the computer 'go' when you are ready to proceed \n") and
disptay("\t or 'exit' to Leave the M.1 sheLl.") and

do(abort)

then begin the-consultation.
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1*

Background Questions

on the status of friendly and enemy forces,

friendly air defense status, friendly patrol activity,

and non-combatants.
*/

exptanation(friendty-determination) = C
"Answering this question provides needed background information for \n",

"the gunnery model. \n"].

question(friendLy-determination) =

["\n \t Background Questions \n\n\tWhat is your units' current tactical posture?\n"].

Legalvats(friendLy-determination) =

Cattacking,defending, in-reserve,reconnaissance/observation,withdrawing,deLay].

automticmenu(friendly-determination).

enumeratedanswers( fri endly-determi nat ion).

expLanation(friendty-teading) = I

"Answering this question provides needed background information for \n",

"the gunnery modet.\n"].

question(friendty-Leading) =

["\n \t Is your unit leading the attack?\n"].

"egtvats(friendty-Leading) = Eyes, no].

automticmeu(friendty-teading).

enumeratedansers(friendly- teading).

if friendly-determination a attacking and
friendly-leading = yes

then friendty-status = leading.

if friendty-determination = Anything_etse

then friendly-status a Anything_eLse.

exptanation(enemy-status) = C

"Answering this question provides needed background information for \n",

"the gunnery modet.\n".

question(enemy-status) =

("\f \n\t Background Questions\n\n\tWhat is enemy's current tactical posture?\n"].

tegaLvaLs(enemy-status) = (attackig,defending,withdrawing,detay].

automat icmsnu(enemy-status ).

enumerstedanswers(enemy- status).
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expLanation(enemy-unit-type) z E

"Answering this question provides needed background information for \n",

"the gunnery model. \nil].

question(enemy-unit-type) z

["\n \t What type of enemy unit are you currently facing \n"].

legalvats(enemy-unit-type) = [tank, apc, infantry].

automat icwmeu(enemy- unit-type).

enumeratedanswers(enemy- uni t- type).

explanation(patroL-status) a [

"Answering this question provides needed background information for \n",

"the gunnery modet.\n"].

question(patrol-status) 2

C"\f \n\tBackground Ouestlons\n\n",

"\tAre there friendly patrols operating in this area? \n"].

legatvats(patrot-status) z Eyes, no].

automat icmenu(patrol -status).

enumeratedanswers(patroL -status).

exptanation(civiLian-status) = C
"Answering this question provides needed background information for \n",

"the gunnery model.\n"].
question(civfl ian-status) z

C"\n \t Are there civilian refugees in this area? \n"].

egatvats(civitian-status) = yes, no].

automaticmenu(civiI ian- status).

enueratedanswers(civi tin-status).

This code section sets the expression shoutd-fire to no with a cf of 100, tells the user not

to shoot at confirmed friendly troops and prompts the user for a continuation.
'/

if shoutd-fire v no and

dispty("\f \n \n \n \t Do not shoot at friendly troops.\n \n ") and

the-user-is-finished a Answer

then continue the-consultation a Answer.
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/-

This code section sets the expression shouLd-fire to yes with a cf of 100 if the friendLy

unit is being fired on by the target.
*/

if self-defense = yes and
dispLay("\n \t Firing in self defense is always authorized. \n")

then shouLo-fire = yes cf 100.

/*

This code block checks for a should-fire certainty of 80% or higher and then moves into the

targeting procedure. The selection of weapons and anmunition by the program concludes in a
message to the user and a question about continuing.
*/

if self-defense is sought and

shouLd-fire is sought and
shoutd-fire cf N and

N - 80 and

weapon-selected is sought and
anmmunition-setected is sought and

ouput-range and

output-weapon and

the-user-is-finished = Answer
then continue the-consultation = Answer.

/*

This code block checks for a should-fire certainty of 80% or less and then tells the user why

firing is not advised.
*/

if seLf-defense is sought and

shoutld-fire is sought and

should-fire cf N and
N < 80 and

too-Low-petrol and

too-tow-civilian and
dispiay("\f") and

dispLay("The probability of the target being an enemy is \n") and

display("too Low to justify engaging it.\n") and

the-user-is-finished x Answer

then continue the-consultation = Answer.

/*
if the user wants to quit, the progrun terminates.

*/
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if continue the-consultation = no and
do(abort)

then all-targets-engaged.

/*

If the user wants to continue, the program resets the necessary expressions and restarts

itself.
*/

if continue the-consuLtation .rvy.
do(reset continue the-consuLtation) and
do(reset self-defense) and

do(reset shoutd-fire ) and

do(reset the-target) and

do(reset the-side) and

do(reset the-terrain) and

do(reset the-range) and

do(reset weapon-selected) and

do(reset anmmuition-seLected) and
do(reset maybe-should-fire) and
do(reset dismounted-check) and
do(reset location-check) and
do(reset formation-check) and

do(reset unknown-near-road) and
do(reset unknown-location) and
do(reset unknown-muttipte-target) and

do(reset output-range) and

do(reset output-weapon) and
do(reset unknown-in-formation) and
do(reset the-user-is-finished )and

do(restart)

then at-targets-engaged.

* Facts for correct output.

if patrot-status and
dispLay("There is a possibility that the target is a friendly patroi.\n")

then too- tow-patrot.

if not patrot-status

then too- low-patrot.

if civilian-status and
display("There is a possibility that the target is a party of nonconmbatants.\n")

then too-low-civilian.
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if not civiLian-status

then too-low-civitian.

if mosttikety(the-range) z Range and

disptay("\f \n \n \n \t The range to the target is ") and

disptay(Range) and
display(" meters.\n \n \n")

then output-range.

if mostLikety(weapon-setected) = Weapon and

Weapon == indirect and

mostLikeLy(ammunition-seLected) = AulmUnition and
dispLay("\t The preferred weapon is artiLLery fire because \n") and

disptay("\t of the Long distance to the target.\n \n") and

disptay("\t Request indirect fire through your fire support channels.") and

disptay("\n \t The preferred munition is "1) and
disptay(Aumnit ion)

then output-weapon.

if mostLikeLy(weapon-setected) = Weapon and

mosttikeLy(ammunition-setected) = Ammunition and

dispLay("\t The preferred weapon is the ") and

dispLay(Weapon) and
dispLay("\n \t firing ") and

disptay(Ammunition) and

display(" ammunition.")

then output-weapon.

/*

Ask about seLf defense
*/

expLanation(seLf-defense)
"\n Firing in seLf defense is aLways aLlowed. Answering\n",

"yes to this question wiLL take the user to the targeting menus\n",

"immediateLy.W\n"].
quest ion(setf-defense)

["\f \n \n \t \t Is the target currentLy firing at you? \n \n"].

LegatvaLs(setf-defense) z Eyes, no].
automat icmenu(setf-defense).

enumerstedanswers(set f-defense).
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/*

** Determine if the user is finished.
*/

question(the-user-is-finished) z

"\n \t This concludes one iteration of the Bradley Gunner. Do\n ",

"\t you wish to continue?\n "I.

tegatvaLs(the-user-ts-finished) = Eyes, no].

automaticmenu(the-user- is-finished).

enumeratedanswers( the-user-is-f i ni shed).

/*

* * Ask the user which side the target is on.

*/

/*

** Set shoutd-fire to yes if the user is being fired on.
*/

if the-side = enemy

then should-fire = yes.

/*

** Set shouLd-fire to no if the target is a known friendly.

*/

if the-side is sought and

the-side = friendly

then should-fire a no.
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/*

If the side of the enemy is not known the program wiLl evaLuate the background information
given at the beginning of the program and combine it with some additional information asked

of the user to determine whether or not to shoot at the target.
*/

if the-side is sought and
the-side - not known and

status-check - SC and

do(set maybe-should-fire = yes cf SO) and
dismounted-check = DC and
do(set maybe-shouLd-fire = yes cf DC) and

ocation-check z LC and

do(set maybe-should-fire = yes cf LC) and
formation-check = FC and
do(set maybe-shouLd-fire = yes cf FC) and

maybe-should-fire z Final
then shouLd-fire = FinaL.

/*

** Function caLL to status-check-function
*/

if friendLy-status - FS and

enemy-status = ES and

status-check-function(FS, ES) = SCF
then status-check x SCF.

status-check-function(Leading, attacking) a 60.
status-check-function(attacking, attacking) = 55.
status-check-function(defending, attacking) z 60.
status-check-function(in reserve, attacking) = 50.
status-check-function(recormissance/observation, attacking) = 10.
status-check-function(withdrawing, attacking) = 50.
status-check-function(deLay, attacking) = 50.



109

status-check-function(teading, defending) z55.
status-check- fwuction(attacking, defending) - 50.
status-check-function(defendng, defending) z 40.
status-check-function( in reserve, defending) z 30.
status- check- funct ion( reconnaissance/observation, defending) =5.

status-check-function(wi thdrawing, defending) z 5.
status-check- funct ion(detay, defending) a 5.

status-check-function(Leading, withdrawing) z 60.
status-check- function(attacking, withdrawing) z 55.
status-check- funact lon~defendlng, withdrawing) a 30.
status-check-functioncin reserve, withdrawing) a 20.
status-check- functlon( reconnaissance/observation, withdrawing) =10.

status-check-funct ion(wi thdrawing, withdrawing) a 5.
status-chck-function~detay, withdrawing) a 5.

status-check-function( Leading, delay) =60.
status-check-functioncattacking, delay) z 55.
status-check- function(defeniding, delay) z 30.
status-check-furnction(in reserve, delay) a 20.
status-check-function(reconnaissance/observation, delay) =10.

status-check-fuction~withdrawing, delay) a 5

status-check-fuction~detay, delay) a 5

**Function call to dismounted-check-function

if the-target a UTT and
patroL-status a PS and
civiLian-status a CS and
disumamted-check-functfon(UTT, PS, CS) zDCF

then dismounted-check = DCF.

dismounted-check-function~infantry, no, no ) a 10.
dismounted-check-function(infantry, no, yes ) z -10.
diswAuoted-check-function~infantry, yes, no ) z -20.
dismounted-check-functlan(fnfantry, yes, yes) a -30.

dlsmounted-check-functlon(dismounted, no, no ) z 10
dismosuted-chck-function(dismounted, no, yes ) = -10.
diswowited-check-function~diamuted, yes, no ) - -20.
dismounted-check-functon~dlsmounted, yes, yes) 2 -30.
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dismounted-check-function(uncertain, no, no ) = 10

dismounted-check-function(uncertain, no, yes ) z -10.

dismounted-check-function(uncertain, yes, no ) = -20.

dismounted-check-function(uncertain, yes, yes) = -30.

dismounted-check-function(ANY, no, no ) = 40.

dismounted-check-function(AY, no, yes ) = 30.

dismounted-check-function(ANY, yes, no ) = 20.

dismounted-check-function(AY, yes, yes) = 10.

exptanation(the-target) = I
"Different types of targets require different type of weapons and \n",

"iimmnitions to destroy them. Answering this question will Let the \n",
"gunner choose the best weapon and ammunition combination."].

question(the-target) = ("\f \n \t What type of target is it? \n ").

tegatvats(the-target) =

(tank, ape, spartiLLery, towed artittery, anti tank unit, infantry, trucks, Logisticsarea,

coaundpost, tracked, wheeled, dismounted, uncertain].

automat i cmenu(the-target).

enumeratedanswers( the- target).

/*

** Function catL to Location-check-function
*/

if unknown-near-road a UNR and

unknown-Location a UL and

tocation-check-function(UNR, UL) a LCF

then Location-check = LCF.

exptanation(unknown-near-road) = I

"You have stated that the identity of the target is not known. \n",

"This question will assist the gunner in determining whether \n",

"or not to fire dt the target."].

quest i on(unknown-near- road) z

("\f \n \t Is the unknown target on, near or away from a road?\n ").

tegatvats(unknown-near-road) - Con, near, away].

automat i cmru (unknown-near- road).

enmmratedamwers(unknown- near- road).
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"You have stated that the identity of the target is not known. \n",
"This question will assist the gunner in determining whether \n"l,
"or not to fire at the target.'"].
question(unknown-Location)a
("1\n \t Is the target near a known enemy or friendly Location? \n 11).
LegaLvats(unknown-Location) = (enemy, friendly, neither].
automat icmenuj~unknown- Location).
enijneratedanswers(unknowi- location).

Location-check-function(on , enemy) = 20.
Location-check-function(near, enemy) = 25.
Location-check-fwnction(away, enemy) = 30.

Location-check-function(on , friendly) = -20.
Location-check-function(near, friendly) a-20.
Location-check-function~away, friendly) =-20.

Location-check-function(on , neither) = 0.
Location-check- funct ion(near, neither) =0.
Location-check-function(away, neither) z 10.

**Function call to formation-check-function

if LInknown-uttipte-target = LMT and
unknown- in- format ion z UF and
formation-check-functionUNT, UF) FCF

then formation-check = FCF.

exptanation(unknown-muLtipLe-target) = E
"You have stated that the identity of the target is not known. \n",
"This question wilt assist the gununer in determining whether \n",
"or not to fire at the target."].
question(unknown-imtipte-target)
("\f \n Are there more than one unknown targets? \n "1).

LegaLvaLs(unknown-ssiLtipLe-target) a (yes, no].
automticmenu(unknown-muiLtipLe-target).
enuwratedanswers(unknown-muLt ipte- target).
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expLanation(unknown-in-formation)
"You have stated that the identity of th~e target is not known. \n"l,
"This question wiLL assist the gunnier in determining whether \n".,

"or not to fire at the target."].
question(Lwiknown-in-formation) ("\nls the target(s) in a formation?\n")
legaLvaLs(unknown-in-formation) E yes, no].
automticmenu(unknown- in- formation).
ergumratedanswers(unknown- in- formtion).

formation-check- fwiction(no, no) = 0.
formation-check- furction~no, yes) - 0.
formation-check-function(yes, no) = 10.
formation-check-function(yes, yes) - 15.

expianation(the-side) a E
"Some type of determination must be made. \n "

"You must answer this question to continue.\n"l.
question(the-side) N \n \tls the target enemy, friendly, or not known?\n".
LegaLvals(the-side) E enemy, friendLy, not known].
automaticmenu( the-side).

enumeratedanswers( the-side) -

The foilowing section contain ruLes for selecting the correct weapon and sheLL combination
for the proper target.

SSeLecting weapon types
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/* Tanks */

if the-target = tank

or
(the-target z uncertain and enemy-unit-type = tank)

or
(the-target = tracked and enemy-unit-type = tank)

or

(the-target = tracked and enemy-unit-type a infantry)

and

the-range = Range and
Range = 3751 and

weapon-type(tank, extreme) = Weaponreturn
then weapon-setected = Weaponreturn.

if the-target = tank

or

(the-target = uncertain and enemy-unit-type = tank)

or

(the-target tracked and enemy-unit-type = tank)

or

(the-target - tracked and enemy-unit-type = infantry)

and

the-range = Range and
Range < 3751 and

Range >= 65 and

weapon-type(tank, Long) = Weaponreturn

then weapon-seLected = Weaponreturn.

if the-target = tank

or

(the-target uncertain and enemy-unit-type = tank)

or

(the-target = tracked and enemy-unit-type = tank)

or

(the-target a tracked and enemy-unit-type z infantry)

and
the-range z Range and

Range < 65 and
weapon-type(tank, cLose) a Weaponreturn

then weapon-seLected a Weaponreturn.
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/* Armored PersonneL Carriers */

if the-target z apc

or
(the-target a uncertain and enemy-unit-type = apc)

or

(the-target a tracked and enemy-unit-type = apc)
and

the-range a Range and
Range = 3751 and

weapon-type(apc, extreme) z Weaponreturn

then we?,on-setected Weaponreturn.

if the-target a apc

or

(the-target = uncertain and enemy-unit-type = apc)

or

(the-target = tracked and enemy-unit-type = apc)

and

the-range a Range and

Range < 3751 and

Range - 1700 and
weapon-type(apc, Long) a Weaponreturn

then weapon-seLected Weaponreturn.

if the-target = apc

or

(the-target 2 uncertain and enemy-unit-type - apc)

or

(the-target 2 tracked and enemy-unit-type =apc)

and

the-range a Range and

Range < 1700 and
weapon-type(ape, medium) = Weaponreturn

then weapon-seLected z Weaponreturn.

/* SeLf-propetLed ArtiLLery */

if the-target a spartittery and

the-range a Range and

Range = 3751 and
weapon-type(ape, extreme) z Weaponreturn

then weapon-setected = Weaponjeturn.
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if the-target x spartillery and

the-range a Range and

Range < 3751 and
Range > 1700 and

weapon-type(apc, Long) x Weaponreturn
then weapon-setected a Weaponreturn.

if the-target a spartiltery and

the-range = Range and

Range <- 1700 and
weapon-type(apc, medium) = Weaponreturn

then weapon-seLected a Weaponreturn.

/* Towed Artillery */

if the-target = towed artittery and

the-range = Range and
Range 3 3000 and

weapon-type(equipment, long) = Weaponreturn
then weapon-seected a Weaponreturn.

if the-target a towed artiitery and

the-range z Range and

Range <c 3000 and

weapon-type(equipment, medium) = Weaponreturn

then weapon-selected a Weaponreturn.

/* Anti-Tank Units */

if the-target z anti tank unit and

the-range z Range and
Range > 3000 and
weapon-type(equipment, Long) = Weapon return

then weapon-seLected = Weaponreturn.

if the-target = anti tank unit and

the-range a Range and

Range -a 3000 and
weapon-type(equipment, medium) a Weapon return

then weapon-selected a Weapon return.
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/* Infantry •/

if the-target z infantry

or

(the-target a uncertain and enemy-unit-type = infantry)

or

(the-target x dismounted and enemy-unit-type = infantry)

and

the-range a Range and

Range > 3000 and

weapon-type(infantry, long) = Weaponreturn

then weapon-setected = Weapon return.

if the-target = infantry

or

(the-target x uncertain and enemy-unit-type = infantry)

or

(the-target = dismounted and enemy-unit-type = infantry)

and

the-range a Range and

Range < 3000 and

Range >- 800 and
weapon-type(infantry, medium) = Weapon return

then weapon-setected = Weaponreturn.

if the-target = infantry

or

(the-target = uncertain and enemy-unit-type = infantry)

or

(the-target = dismounted and enemy-unit-type infantry)

and

the-range = Range and
Range <- 800 and

weapon-type(infantry, close) = Weaponreturn

then weapon-setected z Weaponreturn.

/* Trucks */

if (the-target x trucks ) or (the-target = wheeled)

and
the-range a Range and
Range - 3000 and

weapon-type(infantry, tong) a Weaponreturn

then weapon-selected x Weaponreturn.
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if (the-target = trucks ) or (the-target = wheeled)

and

the-range a Range and
Range < 3000 and

Range -= 800 and
weapon-type(infantry, medium) --Weaponreturn

then weapon-selected = Weaponreturn.

if (the-target a trucks ) or (the-target = wheeLed)

and
the-range x Range and

Range = 800 and

weapon-type(infantry, close) - Weapon return
then weapon-selected = Weaponreturn.

/* Logistics Areas */

if the-target a Logistics area and

the-range z Range and

Range - 3000 and

weapon-type(cp, tong) = Weaponreturn

then weapon-selected = Weaponreturn.

if the-target = togistics area and

the-range - Range and

Range c 3000 and

Range > 100 and
weapon-type(cp, medium) = Weaponreturn

then weapon-setected = Weaponreturn.

if the-target a Logistics area and

the-range = Range and

Range -a 100 and

weapon-type(cp, close) z Weapon return

then weapon-selected = Weaponreturn.

/* Command Posts */
if the-target a commndpost and

the-range a Range and
Range >- 3000 and
weapon-type(cp, Long) a Weaponreturn

then weapon-seLected a Weaponreturn.
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if the-target =commandpost and
the- range = Range and
Range <3000 and
Range > 100 and
weapon- type( cp, medi us) = Weapon return

then weapon-selected = Weapon return.

if the-target = cofwandpost and
the- range z Range and
Range <= 100 and
weapon-type(cp, close) = Weapon return

then weapon-setected = Weapon return.

expLanation(the-range) = ("This is required data. Guess if necessary.\n"J.
question(the-range) =("\n \t What is the range to the target in meters?").
Legaivats(the-range) =nuber.

explanation~the-terrain) s ["Indirect fire has been chosen as the best weapon.\n",
"What the terrain is like will influence the preferred sheLL and\n",
"1shet I and fuze coertination.\n"].

question(the-terrain) z ("1\n \t What type of terrain is the target in? \n "1).

LegatvaLs(the-terrain) a (open, wooded, trenches/dug in, town].

automaticmenuC the-terrain).
enumeratedanswersC tht-terrain).

weapon-type(tank, extreme) = indirect.
weapon-type(tank, Long) = guided missile.
weapon-type(tank, medium) = guided missi te.
weapon-type(tank, close) =automatic carvnon.

weapon-type(apc, extreme) x indirect.
weapon-type(apc, Long) x guided missi le.
weapon- type( apc, medi um) wautomat i ccannon.
weapon-type~apc, close) z automatic cannon.

weapon-type(equipment, extreme) = indirect.
weapon-type(equipment, Long) x indirect.
weapon- type(equlpment, medium) - automat ic-cannon.
weapon-type(equlpment, close) zautomatic cannon.

weapon- typeC infantry, extreme) z indirect.
weapon-type(infantry, Long) = indirect.

weapon-typeinfantry, medium) = automatic cannon.
weapon-type(infantry, close) z machinegsi.

weapon- type( cp, extreme) w indirect.

weapon-type(cp, Long) - indirect.
weapon- type(cp, mediumn) a automat i ccannon.
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weapon-type(cp, close) a machinegun.

/*

Selecting ammunition types
*/

if weapon-selected a guided-missile

then ammunition-seLected = anti-tank.

if weapon-setected = automatic cannon and

the-target z uncertain and

enemy-unit-type a R and
ammunition-type(automatic cannon, R) = Ammunition-return

then ammunition-seLected a Ammunition-return.

if weapon-selected = automatic cannon and

the-target x R and
ammunition-type(automaticcannon, R) = Ammunition-return

then amuunition-seLected z Ammunition return.

if weapon-seLected z machinegun

then ammunition-seLected = batL/tracer.

if weapon-selected = indirect and
the-terrain is sought and
the-terrain z T and

the-target z uncertain and

enemy-unit-type a R and
artittery-type(T, R) = ArtiLlery return

then ammuuition-seLected = ArtiLLeryreturn.

if weapon-seLected = indirect and

the-terrain is sought and

the-terrain = T and

the-target = R and

artiLLery-type(T, R) = ArtiLleryreturn
then ammunition-seLected a ArtilLery return.
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amunition-type(autommtic cannon, tank) = armorjpiercing discarding sabot.

amunition-type(autonmtic cannon, apc) = armorpiercing discarding sabot.
ammutixition-tpe(automatic cannon, sp~.artiLtery) = armorpiercing discarding sabot.
ammuition-type(automticcaron, towed arti LIery) high explosive incendiary.
anminzition-type(automatic cannion, anti~tank-unit) =high-explosive incendiary.
amuuunition-type~automatic cannon, infantry) = high-explosive incendiary.
ammunaition-type(automatic cannion, trucks) - high explosive incendiary.
amuition-type(autoatic cannon, logistics-area )= high expLosive incendiary.
ammunition-type(autonatlc cannon, comnandpost) high explosive incendiary.
ammu.nition-type(automatic cannion, uncertain) = high explosive incendiary.
amun~ition-type(automatic cannion, tracked) = armorpiercingdiscarding sabot.
ammunition-type(autolatic cannon, wheeled) = high explosive incendiary.
afiuzlition-type(autcmatic cannon, dismounted) =high explosive-incendiary.
ammrnnition-type(automatic cannion, uncertain) =high explosive inicendiary.

indirect fire options

artiIlery-type(open,tank ) u&aLpurpose inproved conventionaL mnmition.
artitIlery-type(open,apc )=duaLjxirpose improved conventional-mnition.
artilLery-type(open,sp_ artillery ) a dualpurpose improved conventional mnaition.
arti ILery-typecopen, towed artillery )*high explosive vt.
artiLlery-type(open,anti tank unit )=high explosive-vt.
arti LLery-type(open,infantry z high explosive vt.
artiltery-type(open,trucks ) high explosive vt.
arti LLery-type(open, logistics area a high explosive and whitephosphorus.
artiLLery-type~open,couunandpost ) =high explosive and whi tejffhosphorus.
artitllery-type(open,tracked) - duatpurpose inproved conventional nujnition.
artiIlery-type(open,wheeled) z high explosive vt.
artil lery-type(open,dismounted) z high explosive vt.
artiLtery-type(open~uncertain = high explosive.

artiLLery-type(wooded, tank) =high explosive delay.
artillery-type(wooded, apc) =high-explosivefietay.
artitlery-type(wooded, spartillery) a high explosive delay.
artitlery-type~wooded, towed -artil lery) ahigh expLosive delay.
artitLery-type(wooded, anti tank unit) x high~expLosive-detay.

artiLLery-type(wooded, infantry) a high explosive delay.
artillery-type(wooded, trucks) ahigh exptosive delay.

arti LLery-type(wooded, Logistics-area) z high explosive delay and whitejffhosphorus.
artitllery-type(wooded, commandpost) = high expLosive delay_ and whitej~hosphorus.
artillery-type(wooded, tracked) a high explosive delay.

artitlery-type(wooded, wheeled) z high expLosive delay.

artilIlery-type~wooded, dismounted) ahigh explosive delay.
artitlery-type(wooded, uncertain) =high expLosive delay.
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arts it tery- type( trenches/dugi in, tank) z dual~purpose inproved conventionaL ivuition.
artitLLery- type~trenches/dug in, apc) zduaLpurpose-improved-Conventi anal miuzt ion.
arti Lery-type~trenches/dug in, sparti Lery)a duaLpurpose-iproved-Conventionatinunition.
artiILery-type(trenches/dug in, towed-artiLILery)
h igh expLosive -vt -and-h igh explosive -delay.
artillery-typectrenches/dug in, anti -tank-unit) hihepoie tadhg-xpoied~y
artiLLery-type(trenches/duig in, infantry) z hihepoiv tadhgh explosive delay.
artil lery-type~trenches/dug in, trucks) = high expiosive vt.
artitI ery-type~trenches/dug in, Logistics area) = high explosive-vt and high explosive-delay.
artiLLery-type~trenches/dug in, coniandjpost) a high explosive vt and high explosive delay.
arti LLery- type( trenches/dug in, tracked) - dualpurpose-improved convent i nal nuni tion.
arti ltery-type(trenches/dug in, wheeled) = high explosive vt and high explosive delay.
artitLery-type~trenches/dug in, dismounited) =high expLosive vt and-high explosive delay.
arti LLery-typectrenches/dug in, uncertain) =high explosive vt and high explosive delay.

artillery-type(town, tank) a
dualpurpose improved Convent ionat nai t ion anid high explosive delay.
artittery-type(town, apc)a
due 1purpose inproved convent ionaLI inni tion and high explosive delay.
artitLery-type(town, spartiLLery) =
duatlpurpose _inproved convent ional nuni tion -and -high-explosive delay.
arti Ltery-type(town, towed-arti Llery) =high-explosive and high explosive delay.
arti llery-type(town, anti tank-unit) mhigh explosive and high explosive delay.
arti llery-type(town, infantry) z high explosive -and high explosive delay.
arti llery-type(town, trucks) xhigh explosive _and high explosive delay.
artitLery-type(town, togistics-area) = high explosive and whitephosphorus.
artiLtery-type(town, comnandpost) = high-expLosive-and-h igh explosive delay.
artillery-typectown, tracked) =

dualpurpose impi-oved conventional mujnition and h igh explosive delay.
arti Llery-type(towin, wheeled) = high explosive anid high-explosive delay.
artiIltery-typectown, dismounted) ahigh explosive and-high explosive delay.
artiILery-type(town, uncertain) =high explosive and high explosive delay.
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APPENDIX II

Appendix II contains the rules for the expert gunnery
system as they are represented in the computer.
Appendix V refers to the rules with the knowledge base
numbers presented here. (e.g., kb-1 is the initialdata
set).

kb-1:

initiatdata = (begin the-consuttation,continue the-consuLtation,aLL-

targets-engaged].

kb-2:

begin message = Ent,' ',nt,

The M2/M3 Bradley Fighting VehicLe Gunner Advisor ',nl,' ,,nt,
A system to assist a vehicle commander in deciding ',nt,

whether or not to fire on known or unknown targets,',nt,

and to provide the commander with the correct weapon',nt,

and ammunition combination for the job. 1,nt,

',nL,

Built by CPT Timothy J. Gibson.'].

kb-3:

nocache(begin message).

kb-4:
question(begin signal) a Cnt,

In order to run this weapon adviser the user needs to know' ,nL,

or have access to the range to specific targets or a rangefinder,',nL,

a map, and current intelligence reports.',nt,' ',nL,' ',nt,

Are you prepared at this time?'].

kb-5:

tege'.vals(begin signal) x [yes,no].

kb-6:

automaticmenu(begin signet).

kb-7:
enumeratedanswers(begin signal).
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kb-8:
if begin message a N and

dispLayCH) and

begin signal and
disptay('\f') and
friendly-status is sought and
enemy'-status is sought and
enemy-Lfnit-type is sought and

patroL-status is sought and
civil ian-status is sought and

display('\f')
then begin the-consultation.

kb-9:

if not begin signal and
display('\t Tell the computer ''go'' when you are ready to proceed \n')

and
dispLay('\t or ''exit'' to leave the 11.1 sheLL.') and
do~abort)

then begin the-consuttation.

kb- 10:
explanation(friendty-determinatlon)
C'Answering this question provides needed background information for \n'.
'the gunnery model.\n'J.

kb-il:

questlon(friendty-determinetion)=
['\n Vt Backgroun~d Questions \n\n\t~iat is your units'' current tactical posture?\n'J

kb- 12:
Legeivas~frendy-dtermination) z attacking,defending, in..reserve,
reconnasissance/observation, wi thdrawing,deLayj.

kb-13:
automaticuenf rlendlty-determinatlon).

kb-14:
enmewratedanswers~frendty-determinatlon).

kb- 15:
exptanetlon~friend~ty-Leading)
('Answering this question provides needed background information for \n',
'the guivery modet.\n'J.
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kb- 16:
question~friendly-Leading) = E'\n \t is your unit Leading the attack?\n'].

kb-i?:
LegatvaLs~friendLy-Leading) = Cyes,nol.

kb- 18:
automticuen(friendty- Leading).

kb- 19:
enijnratedanswers(friendty- leading).

kb-20:
if friendty-determination = attacking and

friendLy-Leading =yes

then friendly-status t eading.

kb-21:
if friendLy-determination z Anything eLse
then friendly-status a Anything eLse.

kb- 22:
expi mot ion(enelW- status)
['Answering this question provides needed background information for \n',
'the gunnery modeL.\n'J.

kb-23:

quest ion(enelwv-status) x
C'\f \n\t Background Quest ions\n\n\tWhat is eneay''s current tacticaL posture?\n']

kb-24:
Legatvats(enegny-statue) z Eattacking,defending,withdrawing,deLayl.

kb-25:
automat i cmenu( enemy- status).

kb-26:
enueratedanswers(enemy- status).

kb-27:
expianation~enemy-unit-type)
['Answering this question provides needed background information for \n',
'the gunn~ery madeL.\n'3.
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kb- 28:
question~eneu-unit-type)
1'\n Vt What type of enemy unit are you currently facing \n'].

kb-29:
LegaLvats~enemy-Lanit-type) = (tank,apc,infantry].

kb-30:
automat icmenu(enemy-uni t- type).

kb-31:
enuueratedanswers(enemy-uit-type).

kb-32:

exptanation(patroL-status)

['Answering this question provides needed background information for \n',

'the gunnery modeL.\n'l.

kb-33:
question(patroL-status) z C'\f \n\tsackground Questions\n\n',
'\tAre there friendly patrols operating in this area? \n'].

kb-34:

LegaLvaLs(patrot-status) z Iyes,nol.

kb-35:

outomaticmenu(patroL -status).

kb-36:

enuueratedanswers(patrol -status).

kb-37:
exptanation(civitlan-status)
C'Answering this question provides needed background information for \n',

'the gunnery modeL.\n'J.

kb-38:

quaestion~civition-statue)

C'\n \t Are there civilian refugees in this area? \n'J.

kb-39:

LegaLvals(civlLian-statue) z Cyes,nol.

kb-40:
automticmenu(civi I an-status).
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kb-41:

enueratedanswers(civi ian-status).

kb-42:

if shoutd-fire z no and

disptay('\f \n \n \n \t Do not shoot at friendly troops.\n \n ') and

the-user-is-finished = Answer

then continue the-consultation = Answer.

kb-43:

if self-defense = yes and

disptay('\n \t Firing in self defense is always authorized. \n')

then should-fire = yes cf 100.

kb-44:

if self-defense is sought and

shoutd-fire is sought and

shouLd-fire cf N and

N>= 80 and

weapon-setected is sought and

ammunition-setected is sought and
output-range and

output-weapon and

the-user-is-finished = Answer

then continue the-consuLtation = Answer.

kb-45:

if self-defense is sought and

shouLd-fire is sought and
should-fire cf N and

N<0 and

too-Low-patrol and

too-Low-civilian and

disptay('\f') and
display('The probability of the target being an enemy is \n') and

dispLay('too tow to justify engaging it.\n') and

the-user-is-finished =.Answer

then continue the-consuttation = Answer.

kb-46:
if continue the-consuttation z no and

do(abort)

then al t-targets-engaged.
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kb-47:
if continue the-consultation and

do~reset continue the-consuLtation) and
docreset self-defense) and
do(reset should-fire) and
do(reset the-targot) and
do(reset the-side) and

do~reset the-terrain) and

do(reset the-range) and
do(reset weapon-selected) and
do~reset ammunition-selected) and
do~reset maybe-should-fire) and
do(reset dismounted-check) and
do~reset Location-check) and
do~reset fornution-check) and
doC reset unknowin-near- road) and
doC reset unknown- location) and
do~reset unknon-uLtiple-target) and
do( reset output -range) and
doC reset output-weapon) and
do(reset uwknown-in-formation) and
do~reset the-user-is-finished) and
doC restart)

then all-targets-engaged.

kb-48:
if patrol-status and

display('There is a possibility that the target is a friendly patrol.An')

then too- low-patrol -

kb-49:
if not patrol-status

then too- low-patrol -

kb-50:
if civilian-status and

display('There Is a possibility that the target is a party of noncobatants.\n')

then too-low-civilian.

kb-51:
if not clvillan-stmtus

then too-low-civilian.
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kb-52:
if most t iket y(the-range) xRange and

disptay('\f \n \n \n \t The range to the target is 1) and
disp(ay(Range) and

display(' meters.\n \n \n')
then output- range.

kb-53:

if mosttikeLy(weapon-seLected) = Weapon and

Weapon -- indirect and
mosttikety(ammriition-seLected) =Amunaition and
disptay('\t The preferred weapon is artillery fire because \n') and
disptay('\t of the Long distance to the target.\n \n') arvi
disptayC'\t Request indirect fire through your fire sup~port chanets.')
and

disptay('\n \t The preferred mnaition is ') and

disptay(Ammunition)

then output-weapon.

kb-54:
if mosttikety(weapon-selected) = Weapon and

mostLikeLy(ammnition-setected) z Amunition and
dispLayC'\t The preferred weapon is the ') and
dispLayCWeapon) and

displayC'\n \~t firing ') and
dispLay(Ammuuitlon) and
display(' auiaition.')

then output-weapon.

kb-55:
expLanation(setf-defense)=
['\n Firing in self defense is always allowed. Answering\n',
'yes to this question wilt take the user to the targeting menus\n',
limmediatety.\n'].

kb-56:
question(setf-defense)=

C'\f \n \n \t \t is the target currently firing at you? \n \n'].

kb-57:
Legalvats(seLf-defense) a Cyes,nol.

kb-58:
automticinenu~acL f-defense).

kb-59:
enumeratedanswers(seL f-defense).

kb-60:
question(the-user-is-flnished)



129

E'\n \t This concludes one iteration of the Bradley Gunner. Do\n '

'\t you wish to continue?\n 11.

kb-61:
legaLvals(the-user-is-finished) a yes,nol.

kb-62:
automaticmenu(the-user- is-finished).

kb-63:
enuneratedanswers~the-user- is-finished).

kb-U4:
if the-side x enemy

then should-fire = yes.

kb-65:
if the-side is sought and

the-side = friendly

then should-fire z no.

kb-66:
if the-side is sought and

the-side z not-known and

status-check z SC and
do(set maybe-should-fire z yes cf SC) and
dismounted-check z DC and
do~set maybe-should-fire = yes cf DO) and
location-check = LC and
do(set maybe-should-fire = yes cf IC) and
formation-check z FC and

do(set maybe-should-fire =yes cf PC) and
maybe-should-fire z Final

then should-fire x Final.

kb-67:
if friendly-status a PS and

enemy-status a ES and
status-chck-fuctionPSES) a SCP

then status-check a SCP.

kb-68:
status-check-function(teadlng,attacking) z 60.

kb-69:
status-check- fiuct lon~attacking, attacking) - 55.

kb- 70:
status-check-functlon(defending,attacking) x60.
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kb-71:
status-check-function(in-reserve,attacking) = 5nl.

kb-72:
status-check-fuctiot(recoi'vaissance/observation,attacking) z 10.

kb-73:
status-check-fict ion(wi thdrawi ng, attacking) = 50.

kb-74:
status-check-function~detay,attacking) =50.

kb-75:
status-check-functioi(Leading,defernding) = 55.

kb-76:
status-check-functiori(attacking,defeniding) =50.

kb-77:
status-check- fuwction(def endi ng,defending) - 40.

kb-7B:
status-check-function(in-reserve,defendinig) = 30.

kb- 79:
status-check- funct ion( recomial ssance/observat ion, defending) 5.

kb-80:
status-check- function(wi thdrawing,defending) x 5.

kb-81:
status-check-function(deLay,defending) z 5.

kb-52:
status-check-function( Leading,withdraming) = 60.

kb-83:
status-check-fu.mction(attacking,withdrawing) z 55.

kb-84:
status-check-funct ior(defending,wi thdrawing) - 30.

kb-85:
status-check-function( In reserve~wi thdrawing) a20.

kb-86:
status-check-function(reconnaissance/observatioi,withdrawing) 10.

kb-87:
status-check-function(withdrawing,withdrawing) z 5.
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kb-88:
status-check-function(deLay,withdrawing) =5.

kb-89:
status-check-function(Leading,delay) = 60.

kb-90:
status-check-funaction(attacking,delay) = 55.

kb-91:
status-check-fiznction(defending,deLay) = 30.

kb-92:
status-check-functiori(in-reserve,deLay) = 20.

kb-93:
status- check- funct ion( reconnaissance/observation, deiay) =10.

kb-94:
status-check-function(withdrawing,deiay) = 5.

kb-95:
status-check-fuction(detay,deLay) z 5.

kb-96:
if the-target z UTT and

patroL-status z PS and
civitian-status = CS and

dismouznted-check-ftrnction(UTT,PS,CS) z DCF
then dismounted-check = DCF.

kb-97:
dismounted-check-function(infantry,no,no) x 10.

kb-98:
dismounted-check-function(infantry,no,yes) = -10.

kb-99:
dismounted-check-function(infantry,yes,no) z -20.

kb-i 00:
dismounted-check-function(infantry,yes,yes) - -30.

kb-101:
dismounted-check- fuact fon~dismounted,no, no) z 10.

kb- 02:
diaffounted-check-function(dlsmounted,no,yes) a-10.
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kb- 103:
dismounted-check-funxction(dismouted,yes,no) = -20.

kb-104:
dismounted-check-function(dismo.Jnted,yes,yes) = -30.

kb-105:
dismounted-check-function(unicertain,no,no) =10.

kb-i 06:
dismounated-check-function(uncertain,no,yes) =-10.

kb- 107:
dismontxted-check-function(unacertain,yes,no) -20.

kb- 108:
dismounted-check-fixnction(unicertain,yes,yes) =-30.

kb-i 09:
dismounated-check-function(ANY,no,no) 40.

kb- 110:
dismounted-check-function(ANY,no,yes) =30.

kb- 111:
dismounated-check-function(ANY,yes,no) =20.

kb-liZ:
dismono.ated-check-fiznction(ANY,yes,yes) =10.

kb- 113:

expLanation(the-target)=
['Different types of targets require different type of weapons and Wn,
'ammunitions to destroy them. Answering this question will let the \n',
'gunaner choose the best weapon and ammunition comb~ination.,].

kb- 114:
question(the-target) z \f \n \t What type of target is it? \n '

kb-115:

tegatysts(the-tergot) =(tank,apc~sp artillery, towed artillery,

anti tank unit,infantry,trucks, Logistics area,cmnd~pst, tracked,
bheeLed,dismounEted~uncertain].

kb- 116:
automat i cmenu(the- target).

kb- 117:

enineratedanswers( the-target).
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kb- 118:

if unknown-near-road = UNR and

unknown-tocation = UL and

Location-check-function(UNR,UL) = LCF
then tocation-check a LCF.

kb-119:

exptanation(unknown-near- road) =

E'You have stated that the identity of the target is not known. \n',
'This question wiLL assist the gunner in determining whether \n',

'or not to fire at the target.'].

kb-120:

quest ion(unknown-near- road)
'\f \n \t Is the unknown target on, near or away from a road?\n ',

kb-121:

LegalvaLs(unknown-near-road) = [on,nearaway].

kb-122:

automat icmenu(unknown-near- road).

kb-123:
enumeratedanswers(unknown-near- road).

kb-124:

expLanation(unknown- Location) =

('You have stated that the identity of the target is not known. \n',

'This question witt assist the gunner in determining whether \n',

'or not to fire at the target.'].
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kb- 125:
question(unknown- Location)=
'\n \t Is the target near a known enemy or friendLy Location? \n '

kb- 126:
legaLvaLs(unknown- Location) = [enemy,friendLy,neither].

kb- 127:
autcmaticmernu(unknown- location).

kb- 128:
enumeratedanswers(uknown- Location).

kb- 129:
Location-check-fiumction(on,eneny)a 20.

kb-130:
Location-check-ftrnction(rear,enemy) a 25.

kb-131:
Location-check-fuanction(away,eemy) = 30.

kb- 132:
Location-check-fiznction(on,friendLy) =-20.

kb-133:
Location-check-function(near,friendLy) - -20.

kb- 134:
tocation-check-tfxnction(away~friendty) = -20.

kb-135:
Locati on-check-funct ion(on,nei thor) a 0.

kb- 136:
Location-check-function(near,nei thor) =0.

kb- 137:
Location-check-function~away,neither) 1 0.

kb- 138:
if unknow-muLtipLe-terget x LT and

unknown-in-formation z UF and
formation-check-function(WIT,UF) z FCF

then formation-check a FCF.
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kb- 139:
expLanation(Lalknown-n.Ltipe-target)2
('You have stated that the identity of the target is not known. \n',
'This question wiLL assist the gunner in determining whether \n',
'or not to fire at the target.'].

kb- 140:
question(Lalknown-nutipLe-target)
'\f \n Are there more than one unknown targets? \n '

kb-141:
LegaLvaLs(unknown-ffuttipLe-target) = Eyes,nol.

kb- 142:

automaticmenu(unknown-mLtipte-target).

kb- 143:
enwneratedanswerscunknown-nuttipLe-target).

kb- 1:
expLanation(unknown- in-formation)
('You have stated that the identity of the target is not known. \n'.
'This question wiLL assist the gunn~er in determining whether \n',
'or not to fire at the target.'].

kb- 45:
question(unknown-in-formstion) u \nls the target(s) in a formation?\n '

kb- 146:
Legatvals~unknown-in-formation) E yes,nol.

kb- 147:
autonmticmenu(unknowi- in-formation).

kb- 148:
enuuratedanswers(wknown- in-forfmation).

kb- 149:
formation-check-function(no,no) =0.

kb-iSO:

formation-check- funct ion(no,yes) =0.

kb-iS 1:
formation-check-function(yes,no) =10.
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kb- 152:

formation-check-function(yes,yes) : 15.

kb-153:
expLanation(the-side) = ('Some type of determination must be made. \n '

'You must answer this question to continue.\nl.

kb-154:
question(the-side) :
'\n \tls the target enemy, friendLy, or not knon?\n'.

kb-155:
LegaLvats(the-side) = Cenemy,friendLy,notknown].

kb-156:

automaticmenu(the-side).

kb-157:

enumeratedanswers( the-side).

kb-158:
if (the-target = tank or

(the-target = uncertain and
enemy-unit-type = tank) or

(the-target = tracked and
enemy-unit-type - tank) or
(the-target = tracked and
enemy-unit-type = infantry)) and

the-range a Range and
Range= 3751 and
weapon-type(tank,extreme) a Weaponreturn

then weapon-seLected = Weapon return.

kb-159:
if (the-target z tank or

(the-target = uncertain and
enemy-unit-type a tank) or
(the-target a tracked and
enemy-unit-type z tank) or
(the-target x tracked and
enemy-unit-type - infantry)) and

the-range x Range and
Rangeo3751 and
Rane>- 65 and
weapon-type(tank, tong) = Weaponreturn

then weapon-seLected = Weaponreturn.

kb-160:
if (the-target a tank or

(the-target z uncertain and
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enemy-unit-type a tank) or
(the-target a tracked and

enemy-unit-type a tank) or
(the-target x tracked and
enemy-unit-type - infantry)) and

the-range = Range and
Range<65 and
weapon-type(tank,ctose) = Weaponreturn

then weapon-seLected a Weaponreturn.

kb-161:
if (the-target apc or

(the-target u uncertain and
enemy-unit-type apc) or
(the-target z tracked and
enemy-unit-type a apc)) and

the-range z Range and

Range>n 3751 and
weapon-type(apcextrem) z Weaponreturn

then weapon-seLected • Weaponreturn.

kb-162:
if (the-target -apc or

(the-target • uncertain and
enemy-unft-type = apc) or
(the-target a tracked and
enemy-unit-type a apc)) and

the-range m Range and
Range3751 and
Range>m 1700 and
weapon-type(ac* tong) a Weaponreturn

then weapon-seLected x Weaponreturn.

kb- 163:
if (the-target •apc or

(the-target • uncertain and

enemy-unit-type z apc) or
(the-target a tracked and
enemy-unit-type - apc)) and

the-range a Range and
Range1700 and
weapon-type(apc,medlum) - Weaponreturn

then weapon-setected m Weaponreturn.

kb-164:
if the-target = sp_artiLtery and

the-range = Range and
Range)- 3751 and
weapon-type(apc,extreme) a Weaponreturn

then weapon-seLected a Weaponreturn.
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kb- 165:
if the-target a sp..artiLtery and

the-range z Range anid
Range~c3751 and
Range>1700 and
weapon-type(apc, Long) a Weapon return

then weapon-se Lected - Weapon return.

kb- 166:
if the-target - spartiLLery and

the- range a Range and
Range=z 1700 and
weapon- type(apc,med, Wi) a Weapon return

then weapon-seLected a Weapon return.

kb- 167:
if the-target = towed artiLLery and

the-range a Range and
Range>3000 and
weapon- type( equipment, Long) = Weapon return

then weapon-selected - Weaponreturn.

kb- 168:
if the-target - towed artittery and

the- range a Range and
Range-cu 3000 and
weapon- type(equipuent ,medi un) a Weapon return

then weapon-setected z Weapon return.

kb- 169:
if the-target =anti tank nilt and

the- range =Range and
Range3000 and
weapon- type~equl puant, Long) = Weapon return

then weapon-selected z Weaponjreturn.
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kb- 170:
if the-target z antitankwunit and

the-range a Range and
Range< 3000 and

weapon-type(equipnent,medius) = Weaponreturn
then weapon-setected a Weaponreturn.

kb-171:

if (the-target x infantry or

(the-target = uncertain and

enemy-unit-type = infantry) or

(the-target = dismounted and

enemy-unit-type z infantry)) and

the-range = Range and

Range>= 3000 and

weapon-type(infantry, Long) = Weaponreturn

then weapon-seLectd = Weaponreturn.

kb-i72:
if (the-target = infantry or

(the-target x uncertain and

enemy-unit-type z infantry) or
(the-target - dismounted and

ermy-unit-type z infantry)) and
the-range = Range and

Range<3000 and
Range>- 800 and

weapon- type( infantry,medl un) a Weaponreturn
then weapon-seLected a Weapon return.

kb-173:
if (the-target = infantry or

(the-target uncertain and

enemy-unit-type a infantry) or
(the-target - dismounted and

enemy-unit-type z infantry)) and

the-range a Range and

Range-. 800 and

weapon-type(infantry, ctose) a Weaponreturn
then weapon-seLected a Weaponreturn.
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kb- 174:
if (the-target z trucks or

the- target a wheeLed) and
the-range a Range and
Range-u 3000 and
weapon- type( infantry1 tong) a Weapon return

then weapon-seLected = Weapon return.

kb-i 75:
if (the-target ztrucks or

the-target a wheeLed) and
the- range z Range and
Range<3000 and
Range>- 800 and
weapon- type i nfantry,nedium) z Weapon return

then weapon-seLected z Weapon return.

kb- 176:
if (the-target z trucks or

the-target x wheeLed) and
the-range a Range and
Range- 800 and
weapon-type(infantry,ctose) = Weapon return

then weapon-seLected m Weapon return.

kb- 177:
if the-target xLogistics area and

the-range a Range and
Range- 3000 and
weapon-type(cp. Long) z Weapon return

then weapon-seLected a Weapon return.

kb-i 78:
if the-target z Logistics-area and

the-range a Range and
Range<3000 and
Range>100 and
weapon- type(cp,uadiu.) a Weapon return

then weapon-setected a Weapon return.

kb- 179:
if the-target t ogistics area and

the-range aRange and
Rangec. 100 and
weapon-type(cp,ctose) z Weaponj-eturn

then weapon-seLected x Weapon return.

kb- 180:
if the-target x conmndpost and

the-range a Range, and
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Range). 3000 and
weapon- type(cp, Long) z Weapon return

then weapon-seLected a Weapon return.

kb-181:
if the-target a coauandpost and

the-range z Range and
Range<3O00 and
Range>10O and
weapon- type(cp,mediui) = Weaponreturn

than weapon-seLected = Weapon return.

kb-182:
if the-target *comandpost and

the-range *Range and
Range~z 100 and
weapon-type(cp,cLose) z Weapon return

then weapon-seLected = Weapon return.

kb- 183:
expi anat ion( the- range) z
('This is required data. Guess if necessary.\n'].

kb- 184:
question(the-range) z '~n \~t What is the range to the target in meters?'.

kb-185:
LegaLvaLs(the-range) = nuvitr.

kb- 186:
expLanation(the-terrain)z
['Indirect fire has been chosen as the best weapon.\n',
'What the terrain is Like wiLL influence the preferred sheLL and\n',
'sheLL and fuze cosrbination.\n'3.

kb- 187:
question(th.-terrain)
'\n Vt What type of terrain is the target in? \n '

kb- 188:
LegaLvaLs(the-terrain) a [open,wooded,trernches/dugin~townl.

kb- 189:
automaticmenu( the-terrain).

kb-190:
emneratedanswers(the- terrain).

kb- 91:
weapon-type~tank,extreme) - indirect.
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kb- 192:
weapon-type(tank, Long) z guided-missi Le.

kb- 193:
weapon-typectank,mediua) z guided missiLe.

kb-194:

weapon- type(tank,ctose) =automat iccamnon.

kb- 195:
weapon-type(apc,extreme) a indirect.

kb- 196:
weapon-type( Wo Long) - guided missi Le.

kb- 197:
weapon-type(apc,mediua) z automatic cannon.

kb- 198:
weapon- type(apc,ctose) a automat ic-cannon.

kb- 199:
weapon-type(equipment,extreme) - indirect.

kb-200:
weapon- type~equi pmant, tong) a indirect.

kb- 201:
weapon- type~equlpment,medium) =automatic cannon.

kb- 202:
weapon-type(equipment,ctose) aautomatic cannon.

kb-203:
weapon-typec infantry,extrem) =Indirect.

kb-204:
weapon-type~fnfantry,Long) - indirect.
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kb-205:
weapon- typei inf ant ry, medium) = automatic carwwon.

kb- 206:
weapon-type(infantry,cLose) - machinegui.

kb-207:

weapon- type(cp, extrue) z indirect.

kb-208:
weapon-type(cp,tong) - indirect.

kb-209:

weapon-type(cp,mediuma) - automati ccannon.

kb-210:
weapor-type(cp,cLose) z machinegun.

kb- 211:
if weapon-seLected z guided missiLe
then amunition-setected = anti-tank.

kb-212:
if weapon-setected z automatic -cannon and

the-target z uncertain and
enemy-unit-type a R and
aummI t I on- type~automat ic -carvion,R) x Ammziition return

then ammuniition-selected a Anunition return.

kb-213:
if weapon-seLected z automatic cannon and

the-target 2 and
aauunition-type(automtic cannonR) a Ammuznition return

then amunition-seLected z Ammunition-return.

kb-214:
if weapon-seLected a machinegun
then avunition-selected z bett/tracer.

kb-215:
if weapon-setected a indirect and

the-terrain is sought and
the-terrain uT and
the-target *uncertain and
enemy-unit-type a Rt and
artiLLery-type(T,R) a Artil~ery return

then aamunition-setected a Artillery return.

kb- 216:
if weapon-selected a Indirect and
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Lhe-terrain is sought and
the-terrain =T and
the-target =R and
artittery-type(T,R) = ArtiLLery return

then amunition-seLected - ArtiLLery return.

kb-217:
ammuni t ion- type( automt iccannion,tank) =armorpiercing discardi ngsabot.

kb-218:

amumition-type(automatic-caunon,apc) =armorpiercing discarding sabot.

kb- 219:
munition-type(autoumtic-canncn,sparti I buy)
armorpi erc ingdi scardi ngsabot.

kb-220:
amniition-type(autonti c canno,towed artiLLery) x
high expLosive incendiary.

kb- 221:
aummmi t ion- type(autmat i ccarvro, ant itank-ni t)=
high expLosive incendiary.

kb- 222:
anuumition-type(automatic cannon, infantry) = high expLosive incendiary.

kb-223:

amuunition-type(automatic-canon,trucks) - high expLosive incendiary.

kb-221.:
aivm.iition-type(automtic cannon,Logistics area)
high expLosive incendiary.

kb-225:
anmmi tion- type(automtlc-cannon,conuiandpost)
high-explosive incendiary.

kb- 226:
am~Aniton-type(autonlticcannion,uncertain) z high exptosive incendiary.

kb-227:
ammition-type(automatlc cannon, tracked) a
aruorpiercingdliscardingsabot.

kb- 228:
amuinition-type(automatic-cammonwheeted) a high expLosive incendiary.

kb-229:
amunition-type(utomstlccannon,dlsmounted) z high exptosive incendiary.
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kb- 230:
aunit ion- type( automt iccarmo,ace-tain) = high-expLosive incendiary.

kb-231:

arti LLery-type~opentank) = duaapurpose irproved conventional imxition.

kb-232:
artilIlery-type(open,apc) xduaLpurpose inproved conventional ahinition.

kb-233:
artillery- type(open,sp arti LLery)
duaLpurpose _improved conventional mini tion.

kb- 234:

artiLLery-type(open,towed artillery) =high exptosive vt.

kb-235:
ari~r-yp pnatitn =nt high-explosive vt.

kb-236:
arti LLery-type~open, infantry) = high explosive vt.

kb-237:
artitt ery-type(open~trucks) z high-explosive vt.

kb-238:

arti LLery-type(open, Logistics area) a high expLosive and whitephosphiorus.

kb-239:
arti ILery-type(open,coulindpost) = high explosive and wthitej..hosphorus.

kb-240:

arti ILery-type~open, tracked)
ckaLpurpose-improved convent ionaL fluit ion.

kb-241:

artiLLery-type~open,wheeLed) a high explosive vt.

kb-242:
artiLLery-type~opendismoaited) ahigh explosive vt.

kb-243:

artiLLery-type(open,uncertaln) z high explosive.

kb-244:

arti Llery-type(wooded,tank) z high explosive delay.

kb-245:
artillery-type(wooded,apc) z high explosive delay.
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kb-246:

artiLtery-type(wooded,sp artittery) =high explosive delay.

kb- 247:
artiLtery-type(wooded, towed artilery) =high expiosive delay.

kb- 248:
artitLery-type(wooded. anti tank-unit) =high exptosive deLay.

kb-249:

arti I ery-type(wooded,infantry) =high expLosive deLay.

kb-250:
artiLtery-type(wooded,trucks) = high expLosive deLay.

kb- 25 1:
artiILery-type(wooded, logisticsarea)

high explosive deLay and wiitejphosphorus.

kb-252:
arti ILery-type~wooded,coirmandpost)

high expiosive delay and whi tej~hosphorus.

kb- 253:
arti .Ler',f-type(wooded,tracked) = high explosive delay.

kb-254:
artiLLery-type(wooded,wheeted) = high expLosive delay.

kb-255:

artiLtery-type(wooded,dismnotated) high explosive detay.

kb-256:

artiLtery-type(wooded,uncertain) =high exptosive delay.
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kb-257:
arti I ery-type(trenches/dug in,tank)
duatjp~pose-iproved convent ionaL nuni tion.

kb-258:

arti llery-type(trenches/dug in,apc)
datjurpose-imroved conventional mnaition.

kb- 259:

arti ILery-type(trenches/dug in,sparti Ilery)=
dualpurpose improved conventional imuni tion.

kb-260:
artitlery-type(trenches/dugin,towed-artiL Lery)=
high explosi ye vt and high explosive delay.

kb- 261:

arti ltery-type(trenches/dug in,anti tank unit)=
hi gh explosiveyvt and hi gh expLosi vedetay.

kb- 262:
artitt ery-typ.(trenches/dug in, infantry)
hi gh explosive vt and hi gh expLosive delay.

kb-263:
arti llery-type(trenches/dug in,trucks) = high expLosive vt.

kb-264:
arti Llery-type(trenches/dug in, logistics area)
h igh expLosive vt and high explosive delay.

kb-265:

artitILery-type~trenches/dug in,conwandp~ost)=
high expLosive v-n~itxpoiedty

kb-266:
arti Llery-type~trenches/dug in,tracked)
ckaLp~urpose-improved conventional-mzit ion.

kb- 267:

arti Ilery-type~trenches/dug in,wheeled)
high explos ive vt and h igh explos ive delay.

kb-268:
artillery-type(trenches/dug-in,dismounted) z
high explosive vt and high explosive delay.

kb- 269:

arti I ery-type(trenches/dug in,unrcertain)=
h igh explosive vt and high explosive delay.
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kb- 270:
artitLery-type(town,tank)
dualpurpose inproved convent ionatI nni tion and h igh explosive detay.

kb-271:
artiLlery-type(town,apc)=
due L.purpose i aproved convent ional munition and hi gh exptos i e delay.

kb-272:
arti LLery-type(town,sp artiL Lery)
duatpurpose _improved conventional nunition and high expLosive deLay.

kb- 273:

artittery- type( town, towed artillery)=
high explosive and high-explosive delay.

kb-274:
artittery-type(town,anti tank unit) z
tiigh explosive and high-explosive detay.

kb-275:

arti Ltery-type~town, infantry) z highexpLosive and high explosive deLay.

kb- 276:
artitLlery-type(town,trucks) = high expLosive and high explosive delay.

kb- 277:
arti(ILery-type(town, logistics area) - high explosive and whitephosphorus.

kb-278:
arti L ery-type(town,comandpost)

high explosive and high-explosive delay.

kb-279:

arti ILery-type(town, tracked)
duaLpurposejnmproved conventionaL uuition and high explosive delay.

kb- 280:
artitLlery-type(town,wheeted) = high expLosive and high explosive delay.

kb-281:

arti Llery-type(town,dismounted) a high explosive and high explosive delay.

kb-282:

artittery-type(town,uncertain) = high exptosive and-hi gh explosive delay.
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APPENDIX III

This appendix contains a photo session of the expert
gunnery system. This particular session is without a
rule base trace. The expert system's questions and the
user's responses appear here as they do on the screen.

M.1> go

The M2/43 BradLey Fighting VehicLe Gunner Advisor

A system to assist a vehicle coomander in deciding

whether or not to fire on known or unknown targets,

and to provide the commander with the correct weapon

and amunition combination for the job.

BuiLt by CPT Timothy J. Gibson.

In order to run this weapon adviser the user needs to know

or have access to the range to specific targets or a rangefinder,

a map, and current inteLLigence reports.

Are you prepared at this time?

1. yes

2. no
>> 1

Background Questions

What is your units' current tacticaL posture?

1. attacking

2. defending
3. in-reserve

4. reconnaissance/observati on

5. withdrawing

6. deLay

>> 1

Is your unit Leading the attack?

1. yes

2. no

>> 1

Background Questions
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What is enemy's current tactical posture?

1. attacking

2. defending

3. withdrawing

4. delay

> 2

What type of enemy unit are you currently facing

1. tank

2. apc
3. infantry

>9' 1

Background Questions

Are there friendly patrols operating in this area?

1. yes

2. no

>> 2

Are there civilian refugees in this area?

1. yes

2. no
>> 1

Is the target currently firing at you?

1. yes

2. no
i 1

Firing in self defense is always authorized.
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What type of target is it?

1. tank

2. apc

3. sp..artiltery

4. towed artiLLery

5. anti -tank-unit

6. infantry

7. trucks

8. Logistics-area

9. comeandpost
10. tracked

11. wheeted

12. dismnournted

13. uncertain

> 2

What is the range to the target in meters?

>> 1500

The range to the target is 1500 meters.

The preferred weapon is the automstic-cannon

firing armorpiercing discardingsabot ammunition.

This concLudes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no
>> 1

Is the target currentLy firing at you?

1. yes

2. no

>> 2
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Is the target enemy, friendty, or not known?

1. enemy

2. friendly

3. not-known

>> 2

Do not shoot at friendly troops.

This concludes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no

Is the target currently firing at you?

1. yes

2. no

> 2

Is the target enemy, friendly, or not known?

1. enemy

2. friendly
3. not-known

>> 1
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What type of target is it?

1. tank

2. apc

3. spartitlery

4. towedartiLtLery

5. anti-tank unit

6. infantry

7. trucks

8. Logistics-area

9. commandjpost

10. tracked

11. wheeLed

12. dismounted

13. uncertain

>> 4

What is the range to the target in meters?

> 3 C

What type of terrain is the target in?

1. open

2. wooded

3. trenches/dugin

4. town

> 2

The range to the target is 3500 meters.

The preferred weapon is artiLLery fire because

of the Long distance to the target.

Request indirect fire through your fire support channeLs.
The preferred munition is highexpLosive deLay

This concLudes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no

>> 1

Is the target currentLy firing at you?
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1. yes
2. no

>> 2

Is the target enemy, friendLy, or not known?

1. enemy
2. friendLy
3. not known

>> 3

What type of target is it?

1. tank

2. apc

3. sp._artittery

4. towed artiLLery
5. anti tank unit

6. infantry

7. trucks

8. Logistics area
9. commandjpost
10. tracked

11. wheeLed
12. dismounted

13. uncertain

>> 10

Is the unknown target on, near or away from a road?

1. on
2. near

3. away

>> 3

Is the target near a known enemy or friendLy Location?

1. enemy
2. friendLy

3. neither
>> 1
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Are there more than one unknown targets?

1. yes

2. no

>> 1

Is the target(s) in a formation?

1. yes

2. no

>> I

What is the range to the target in meters?

>> 2500

The range to the target is 2500 meters.

The preferred weapon is the guided missite

firing antitank ammunition.

This concludes one iteration of the Bradley Gunner. Do

you wish to continue?

1. yes

2. no

>> 2

This next section contains another iteration of the
Bradley Gunner with different background data.

M.1> go

The M2/N3 Bradley Fighting Vehicle Gunner Advisor

A system to assist a vehicle coammnder in deciding

whether or not to fire on knotm or unknown targets,

and to provide the commander with the correct weapon

and ammunition combination for the job.

Built by CPT Timothy J. Gibson.
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In order to run this weapon adviser the user needs to know
or have access to the range to specific targets or a rangefinder,
a map, and current inteLtigence reports.

Are you prepared at this time?
1. yes
2. no

>> 1

Background Questions

What is your units, current tactical posture?

1. attacking

2. defending
3. in-reserve

4. reconnaissance/observation

5. withdrawing
6. deLay

>> 1

Is your unit leading the attack?

1. yes
2. no

>> 1

Background Questions

What is enemy's current tacticaL posture?

1. attacking
2. defending

3. withdrawing
4. deLay

>> 3

What type of enemy unit are you currentLy facing

1. tank
2. apo
3. infantry

>> 2
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Background Questions

Are there friendLy patroLs operating in this area?

1. yes
2. no

> 2

Are there civilian refugees in this area?

1. yes
2. no

>> 2

Is the target currentLy firing at you?

1. yes

2. no
>> 1

Firing in self defense is always authorized.

What type of target is it?

1. tank
2. apc
3. spartiLLery

4. towed artiLlery
5. anti tank-unit

6. infantry
7. trucks

8. Logistics-area
9. commundpost

10. tracked
11. wheeled
12. dismounted
13. uncertain

>> 4

What is the range to the target in meters?

>> 3200
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What type of terrain is the target in?

1. open
2. wooded

3. trenches/dug_in

4. town

> 2

The range to the target is 3200 meters.

The preferred weapon is artiLtery fire because

of the Long distance to the target.

Request indirect fire through your fire support channeLs.

The preferred munition is high expLosive deLay

This concLudes one iteration of the BradLey Gunner. Do
you wish to continue?

1. yes

2. no
>> 1

Is the target currentLy firing at you?

1. yes

2. no

>> 2

Is the target enemy, friendLy, or not known?

1. enemy

2. friendLy

3. not-known
>> 1
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What type of target is it?

1. tank

2. apc

3. spartittery

4. towed artitLery

5. anti-tank unit

6. infantry

7. trucks

8. togistics area

9. commandjpost

10. tracked

11. wheeted

12. dismounted

13. uncertain
>> 2

What is the range to the target in meters?

>> 1500

The range to the target is 1500 meters.

The preferred weapon is the automatic cannon

firing armorpiercingdiscardingsabot amunition.

This conctudes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no
>> 1

Is the target currentty firing at you?

1. yes

2. no

>? 2
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Is the target enemy, friendly, or not known?

1. enemy

2. friendLy

3. not-known
>> 1

What type of target is it?

1. tank

2. apc

3. spartiLLery

4. towedartiL ery

5. anti tank unit

6. infantry

7. trucks

8. Logistics-area

9. commandpost

10. tracked

11. wheeLed

12. dismounted

13. uncertain

2

What is the range to the target in meters?

2500

The range to the target is 2500 meters.

The preferred weapon is the guided missiLe

firing antitank ammunition.

This concludes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no
>> 1
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Is the target currentLy firing at you?

1. yes

2. no

> 2

Is the target enemy, friendLy, or not known?

1. enemy
2. friendry

3. not-known
>> 1

What type of target is it?

1. tank

2. ape

3. spartitery

4. towedartiLtery

5. anti tank unit

6. infantry

7. trucks

8. logisticsarea

9. conmandpost

10. tracked
11. wheeLed

12. dismounted

13. uncertain

>> 8

What is the range to the target in meters?

>> 3200

What type of terrain is the target in?

1. open

2. wooded

3. trenches/dugin

4. town

>> 2
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The range to the target is 3200 meters.

The preferred weapon is artillery fire because

of the Long distance to the target.

Request indirect fire through your fire support channels.
The preferred munition is highexplosive delayand whitejphosphorus

This concludes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no
>> 1

Is the target currently firing at you?

1. yes

2. no

>> 2

Is the target enemy, friendly, or not known?

1. enemy

2. friendly

3. not-known

>> 3
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What type of target is it?

1. tank

2. apc

3. spartitlery

4. towed-artillery

5. anti-tank unit

6. infantry

7. trucks

8. Logistics area

9. commandpost

10. tracked

11. wheeled

12. dismounted

13. uncertain

>> 10

Is the unknown target on, near or away from a road?

1. on

2. near

3. away

> 3

Is the target near a known enemy or friendly Location?

1. enemy

2. friendly

3. neither

>> 1

Are there more than one unknown targets?

1. yes

2. no
>> 1

Is the target(s) in a formation?

1. yes

2. no

>> 1
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What is the range to the target in meters?

>) 1750

The range to the target is 1750 meters.

The preferred weapon is the guided missile

firing antitank ammunition.

This conctudes one iteration of the BradLey Gunner. Do

you wish to continue?

1. yes

2. no
>> 1

Is the target currentty firing at you?

1. yes
2. no

>> 2

Is the target enemy, friendly, or not known?

1. enemy

2. friendLy
3. not-known

'> 1
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What type of target is it?

1. tank

2. apc

3. spartiLtery

4. towed-arti(Lery

5. anti-tank unit
6. infantry

7. trucks

8. Logistics-area

9. commandpost
10. tracked

11. wheeled
12. dismounted

13. uncertain

> 6

What is the range to the target in meters?

>> 500

The range to the target is 500 meters.

The preferred weapon is the machinegun

firing baLL/tracer ammunition.

This concLudes one iteration of the Bradley Gunner. Do

you wish to continue?

1. yes

2. no

>> 2

M.l> logoff
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APPENDIX IV

This appendix contains a photo session with the expert
gunnery system. This session is with a rule base trace.
The expert system's questions and the user's responses
appear are shown with an underline to identify them.

M.1> go

Seeking begin the-consuLtation.

Invoking kb-8:

if be;in message = M and

dispLay(M) and

begin signaL and

dispLay('\f') and

friendLy-status is sought and

enemy-status is sought and

enemy-unit-type is sought and

patroL-status is sought and
civilian-status is sought and

display('\f')

then begin the-consultation.

Seeking begin message.

Using kb-2:
begin message = Ent,' ',nt,

The N2/M3 Bradley Fighting VehicLe Gunner Advisor ',nL,' ',nL,
A system to assist a vehicle commander in deciding ',nt,

whether or not to fire on known or unknown targets,',nL,

and to provide the commander with the correct weapon',nt,

and ammunition combination for the job. ',nt,
',nL,

BuiLt by CPT Timothy J. Gibson.'].

Noting begin message = Ent,' ',nL,' The M2/K3 BradLey Fighting Vehicle Gunner Advisor

',nL,' ',nL,' A system to assist a vehicle commander in deciding ',nL,'

whether or not to fire on known or unknown targets,',nL,' and to provide the
commander with the correct weapon',nL,' and ammunition combination for the job.

',ni,' t,nL,' BuiLt
by CPT Timothy J. Gibson.'] cf 100 because kb-2.

Found begin message.
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The M2/H3 Bradley Fighting VehicLe Gunner Advisor

A systm to assist a vehicle commander in deciding

whether or not to fire on known or unknown targets.

and to provide the commander with the correct weapon

and ammunition combination for the job.

Built by CPT Timothy J. Gibson.

Seeking begin signal.

Using kb-4:

question(begin signal) = [nt,

In order to run this weapon adviser the user needs to know',nL,

or have access to the range to specific targets or a rangefinder,',nl,

a map, and current intelligence reports.',nl,+ +,nt,' ',nl,

Are you prepared at this time?'].

In order to run this weapon adviser the user needs to know

or have access to the range to specific targets or a rangefinder.

a map, and current intelligence reports.

Are you prepared at this time?

1. yes

2. no

>> 1
Noting begin signet yes cf 100 because you said so.

Found begin signal.

Seeking friendly-status.

Invoking kb-20:

if friendty-determination = attacking and

friendty-teading yes

then friendly-status = leading.

Seeking friendly-determination.

Using kb-11:

question(friendly-determination) =

['\n \t Background Questions \n\n\tWhat is your units" current tactical posture?\n']
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Background Questions

What is Your units' current tactical Posture?

1. attacking

2. defending

3. in reserve

4. reconnai ssance/observat ion
5. withdrawing

6. delay

>>2
Noting friendly-determination = defending cf 100 because you said so.
Found friendly-determination.

kb-20 failed.

Invoking kb-21:

if friend ty-determination a Anything-else

then friendty-status = Anything_etse.

Already sought friendLy-determination.

Noting friendly-status = defending cf 100 because kb-21.
kb-21 succeeded.

Found friendty-status.

Seeking enemy-status.

Using kb-23:

questlon(enemy-status) =

['\f \n\t Background Questions\n\n\tWhat is enemy,,s current tactical posture?\n']

Background Questions

What is enemy's current tactical posture?

1. attackina

2. defending
3. withdrawing

4. delay

>> 1
Noting enemy-status = attacking cf 100 because you said so.

Found enemy-status.

Seeking enemy-unit-type.

Using kb-28:

quest f on(enemy-uni t- type)

['\n \t What type of enemy unit are you currently facing \n'].
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What type of enemy unit are you currently facing

1. tank
2. a©c

3. infantry
>>I/

Noting enemy-unit-type = tank cf 100 because you said so.

Found enemy-unit-type.

Seeking patrot-status.

Using kb-33:

question(parrot-status) = 'i\f \n\tBackground Questions\n\n',
'i\tAre there friendly patrols operating in this area? \n'].

Background Quest ions

Are there friendly patrols operating in this area?

1. yes

2. no

>' 2
Noting patroL-status = no cf 100 because you said so.

Found patroL-status.

Seeking civitian-status.

Using kb-38:

question(civitian-status) =

'i\n \t Are there civilian refugees in this area? \n'3.

Are there civilian refugees in this area?

1. yes

2. no

>> 2
Noting civilian-status = no cf 100 because you said so.

Found civilian-status.

Noting begin the-consuLtation = yes cf 100 because kb-8.

kb-8 succeeded.
Found begin the-consuttation.

Seeking continue the-consultation.

Invoking kb-42:

if shoutd-fire = no and

disptay('\f \n \n \n \t Do not shoot at friendly troops.\n \n ') and

the-user-is-finished a Answer
then continue the-consuttation = Answer.

Seeking shoutd-fire.
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Invoking kb-43:

if seLf-defense = yes and

display('\n \t Firing in self defense is always authorized. \n')

then should-fire = yes cf 100.

Seeking self-defense.

Using kb-56:

question(self-defense)

['\f \n \n \t \t Is the target currently firing at you? \n \n'].

Is the taraet currently firing at you?

1. yes

2. no

>> 1
Noting self-defense = yes cf 100 because you said so.

Found self-defense.

Firing in self defense is always authorized.

Noting should-fire - yes cf 100 because kb-43.

kb-43 succeeded.
Found shouLd-fire.

kb-42 failed.

Invoking kb-"4:

if self-defense is sought and

shouLd-fire is sought and

should-fire cf N and

N= 80 and

weapon-seLected is sought and

ammunition-seLected is sought and

output-range and

output-weapon and
the-user-is-finished = Answer

then continue the-consuLtation a Answer.
Already sought self-defense.

Already sought should-fire.

Already sought shouLd-fire.

Seeking weapon-selected.
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Invoking kb-158:

if (the-target z tank or

(the-target = uncertain and

enemy-unit-type = tank) or

(the-target = tracked and

enemy-unit-type z tank) or

(the-target a tracked and

enemy-unit-type = infantry)) and

the-range = Range and

Range>= 3751 and
weapon-type(tank,extreme) z Weapon_return

then weapon-seLected = Weaponreturn.

Seeking the-target.

Using kb-114:

question(the-target) = ,\f \n \t What type of target is it? \n '

What type of target is it?

1. tank

2. apc

3. sp artiLLery

4. towed artillery

5. anti tank unit

6. infantry

7. trucks

8. logistics area

9. comand post
10. tracked

11. wheeted

12. dismounted

13. uncertain
>> 1

Noting the-target = tank cf 100 because you said so.

Found the-target.

Seeking the-range.

Using kb-184:
question(the-range) m'\n \t What is the range to the target in meters?'.
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What is the range to the taraet in meters?
>> 4500

Noting the-range z 4500 cf 100 because you said so.
Found the-range.
Seeking weapon-type(tank,extreme).

Using kb-191:
weapon-type(tank,extreme) = indirect.

Noting weapon-type(tank,extreme) = indirect cf 100 because kb-191.
Found weapon- type( tank, extreme).

Noting weapon-setected = Indirect cf 100 because kb-158.
kb-158 succeeded.
Found weapon-seLected.
Seeking ammunition-setected.

Invoking kb-211:
if weapon-seLected = guided missiLe
then ammunition-seLected = anti-tank.

Already sought weapon-seLected.
kb-211 failed.

Invoking kb-212:

if weapon-setected = automatic cannon and
the-target = uncertain and

enemy-unit-type = R and
ammunition-type(automtic-canron.R) = A ununition return

then amuunition-seLected = Ammunition-return.
Already sought weapon-setected.
kb-212 failed.
Invoking kb-213:

if weapon-seLected = automatic.cannon and
the-target z R and

ammunition-type(automatic-cannon,R) = Ammunition-return
then ammunition-seLected z Ammunition return.

Already sought weapon-seLected.
kb-213 failed.
Invoking kb-214:

if weapon-seLected a machinegun

then ammunition-setected - bell/tracer.
Already sought weapon-setected.
kb-214 failed.
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Invoking kb-215:

if weapon-selected = indirect and
the-terrain is sought and
the-terrain = T and

the-target = uncertain and
enemy-unit-type = R and
artitLery-type(TR) = ArtiLteryreturn

then ammunition-setected = ArtiLLeryreturn.
ALready sought weapon-setected.
Seeking the-terrain.
Using kb-187:

question(the-terrain) =

'\n \t What type of terrain is the target in? \n '.

What type of terrain is the target in?

1 . open

2. wooded
3. trenches/dug in
4. town

>> 1

Noting the-terrain = open cf 100 because you said so.

Found the-terrain.
ALready sought the-terrain.

Already sought the-target.
kb-215 failed.
Invoking kb-216:

if weapon-selected x indirect and

the-terrain is sought and
the-terrain = T and

the-target • R and
artilLery-type(T,R) z ArtiLtery return

then auuunition-setected - ArtiLLeryreturn.

Already sought weapon-selected.
Already sought the-terrain.
Already sought the-terrain.

Already sought the-target.
Seeking artlttery-type(open,tank).

Using kb-231:
artittery- type(open, tank) dueaL.purpose irproved convent i onal muni t ion.

Noting artilLery-type(open,tank)a duaLjpurpose-improved conventionalmunition cf 100 because
kb-231.
Found artiLtery-type(open,tank).
Noting aumunition-seLected • duatlurpose improved conventionatmunition cf 100 because kb-
216.

kb-216 succeeded.
Found ammnwiton-seLected.
Seeking output-range.
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Invoking kb-52:
if mosttikeLy(the-range) = Range and

disptay('\f \n \n \n \t The range to the target is ') and
disp(ay(Range) and
disptay(' meters.\n \n \n')

then output- range.

Already sought the-range.

The rane to the target is 4500 meters.

Noting output-range = yes cf 100 because kb-52.
kb-52 succeeded.
Found output-range.
Seeking output-weapon.
invoking kb-53:

if mostlikety(weapon-setected) = Weapon and
Weapon =z indirect and
mostLikeLy(ammunition-seLected) = Ammunition and
dispLay('\t The preferred weapon is artiLtery fire because \nD) and
dispLay('\t of the Long distance to the target.\n \n') and
disptay('\t Request indirect fire through your fire support chamels.')

and

dispLay('\n \t The preferred munition is ') and
disptay(Ammunit ion)

then output-weapon.

ALready sought weapon-selected.
ALready sought ammunition-seiected.

The Preferred weapon is artillery fire because
of the Long distance to the target.

Request indirect fire through your fire support channels.
The preferred munition is duaL urpose improved conventionat munition

Noting output-weapon x yes cf 100 because kb-53.
kb-53 succeeded.
Found output-weapon.
Seeking the-user-is-finished.

Using kb-60:

question(the-user-is-finished) =

E'\n \t This conctudes one iteration of the BradLey Gunner. Oo\n ',
'\t you wish to continue?\n '2.
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This concludes one iteration of the Bradley Gunner. Do

You wish to continue?

1. yes

2. no

>> 1

Noting the-user-is-finished = yes cf 100 because you said so.

Found the-user-is-finished.

Noting continue the-consuLtation = yes cf 100 because kb-44.
kb-44 succeeded.

Found continue the-consultation.

Seeking alt-targets-engaged.

Invoking kb-46:

if continue the-consultation = no and

do(abort)

then at t-targets-engaged.

Already sought continue the-consultation.

kb-46 failed.

Invoking kb-47:

if continue the-consuttation and

do(reset continue the-consultation) and

do(reset self-defense) and

do(reset should-fire) and

do(reset the-target) and

do(reset the-side) and

do(reset the-terrain) and

do(reset the-range) and

do(reset weapon-setected) and
do(reset ammunition-selected) and

do(reset maybe-should-fire) and

do(reset dismounted-check) and

do(reset location-check) end

do(reset formation-check) and

do(reset unknown-near-road) and
do(reset unknown-location) and

do(reset unknown-muttiple-target) and

do(reset output-range) and
do(reset output-weapon) and

do(reset unknown-in-formation) and
do(reset the-user-is-finished) and

do( restart)

then all-targets-engaged.

Already sought continue the-consultation.

Already sought begin tie-consultation.

Seeking continue the-consultation.

Invoking kb-42:

if should-fire = no and

display('\f \n \n \n \t Do not shoot at friendly troops.\n \n ') and
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the-user-is-finished = Answer

then continue the-consultatfon = Answer.
Seeking should-fire.

Invoking kb-43:

if self-defense = yes and

display('\n \t Firing in self defense is always authorized. \n')

then should-fire = yes cf 100.

Seeking self-defense.

Using kb-56:

question(self-defense) =

['\f \n \n \t \t Is the target currently firing at you? \n \n'].

Is the target currently firing at you?

1. yes

2. no

>_2

Noting self-defense = no cf 100 because you said so.
Found self-defense.

kb-43 failed.

Invoking kb-64:

if the-side = enemy

then should-fire = yes.

Seeking the-side.

Using kb-154:

quest ion(the-side)

'\n \tIs the target enemy, friendly, or not known?\n'.

Is the target enemy, friendly, or not known?

1. enemy

2. friendly

3. not known

>> 2
Noting the-side = friendly cf 00 because you said so.
Found the-side.

kb-64 failed.

Invoking kb-65:

if the-side is sought and

the-side = friendly

then should-fire x no.

ALready sought the-side.

Already sought the-side.

Noting shoutd-fire = no cf 100 because kb-65.
kb-65 succeeded.

Found shoutd-fire.
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Do not shoot at friendly troops.

Seeking the-user-is-finished.

Using kb-60:

question(the-user-is-finished)

['\n \t This concludes one iteration of the Bradley Gunner. Do\n '

'\t you wish to continue?\n '].

This concludes one iteration of the Bradley Gunner. Do

you wish to continue?

1. yes

2. no

>> 1
Noting the-user-is-finished = yes cf 100 because you said so.

Found the-user-is-finished.

Noting continue the-consultation = yes cf 100 because kb-42.

kb-42 succeeded.

Found continue the-consuttation.
Seeking atL-targets-engaged.

Invoking kb-46:

if continue the-consuLtation = no and

do(abort)
then aLL-targets-engaged.

Already sought continue the-consultation.

kb-46 failed.
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Invoking 
kb-47:

if continue the-consuLtation and

do(reset continue the-consuLtation) and

do(reset seLf-defense) and

do(reset should-fire) and

do(reset the-target) and

do(reset the-side) and

do(reset the-terrain) and

do(reset the-range) and

do(reset weapon-seLected) and
do(reset ammunition-seLected) and

do(reset maybe-should-fire) and
do(reset dismounted-check) and

do(reset Location-check) and
do(reset formation-check) and

do(reset unknown-near-road) and
do(reset unknon-tocation) and

do(reset unknown-mutipe-target) and

do(reset output-range) and

do(reset output-weapon) and
do(reset unknown-in-formation) and
do(reset the-user-is-finished) and

do(restart)

then att-targets-engaged.

ALready sought continue the-consultation.

ALready sought begin the-consuLtation.

Seeking continue the-consultation.

Invoking kb-42:

if should-fire a no and

display('\f \n \n \n \t Do not shoot at friendty troops.\n \n ') and

the-user-is-finished = Answer
then continue the-consultation z Answer.

Seeking should-fire.

Invoking kb-43:

if self-defense = yes and

dispLay('\n \t Firing in self defense is always authorized. \n')

then shouLd-fire a yes cf 100.

Seeking seLf-defense.

Using kb-56:

question(setf-defense) =

C'\f \n \n \t \t Is the target currentLy firing at you? \n \n'J.
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Is the target currently firing at you?

1. yes

2. no
>.2

Noting self-defense = no cf 100 because you said so.
Found self-defense.
kb-43 failed.

Invoking kb-64:

if the-side = enemy
then shouLd-fire = yes.

Seeking the-side.
Using kb-154:

question(the-side) =
'\n \tls the target enemy, friendly, or not known?\n'.

Is the target enemy, friendly, or not known?

1. enemy

2. friendly

3. not known
>> 3
Noting the-side = not-known cf 100 because you said so.
Found the-side.
kb-64 failed.
Invoking kb-65:

if the-side is sought and

the-side = friendly
then should-fire = no.

Already sought the-side.
Already sought the-side.

kb-65 failed.
Invoking kb-66:

if the-side is sought and

the-side z not-known and
status-check z SC and
do(set maybe-shouLd-fire = yes cf SC) and
dismounted-check = DC and
do(set maybe-shoutd-fire = yes cf DC) and
location-check a LC and
do(set maybe-shoutd-fire x yes cf LC) and
formation-check = FC and
do(set maybe-shoutd-fire = yes cf FC) and

maybe-shoutd-fire = Final
then shoutd-fire z Final.

Already sought the-side.
Already sought the-side.
Seeking status-check.
Invoking kb-67:
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if friendLy-status = FS and

enemy-status = ES and

status-check-function(FS,ES) = SCF
then status-check z SCF.

ALready sought friendLy-status.
ALready sought enemy-status.

Seeking status-check- function(defending, attacking).

Using kb-70:
status-check-function(defending,attacking) = 60.

Noting status-check-function(defendingattacking) = 60 cf 100 because kb-70.
Found status-check-function(defending,attacking).

Noting status-check = 60 cf 100 because kb-67.

kb-67 succeeded.

Found status-check.

Noting maybe-shouLd-fire = yes cf 60 because kb-66.
Seeking dismounted-check.

Invoking kb-96:

if the-target = UTT and

patroL-status = PS and

civilian-status = CS and

dismounted-check-function(UTT,PS,CS) = DCF

then dismounted-check = DCF.

Seeking the-target.

Using kb-114:

question(the-target) : '\f \n \t What type of target is it? \n '

What type of target is it?

1. tank

2. apc

3. so artiltery

4. towed artiLLery

5. anti tank unit

6. infantry

7. trucks

8. Logistics area

9. command post
10. tracked

11. wheeled

12. dismounted

13. uncertain

>> 1

Noting the-target - tank cf 100 because you said so.
Found the-target.

Already sought patrol-status.

ALready sought civitian-status.

Seeking dismounted-check-function(tank,no,no).

Using kb-109:
dismounted-check-function(tank,no,no) - 40.

Noting dismounted-check-function(tank,nono) - 40 cf 100 because kb-109.
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Found di smounted-check- function(tank, no,no).
Noting dismounted-check - 40 cf 100 because kb-96.

kb-96 succeeded.

Found di smounted- check.
Noting maybe-shoutd-fire = yes cf 40 because kb-66.

Seeking tocation-check.

Invoking kb-118:

if unknown-near-road = UNR and

unknown-tocation = UL and

tocation-check-function(UNR,UL) = LCF

then tocation-check = LCF.

Seeking unknown-near- road.

Using kb-120:

quest i on(unknown-near- road) =

'\f \n \t Is the unknown target on, near or away from a road?\n '

Is the unknown target on, near or away from a road?

1. on

2. near

3. away

>_3
Noting unknown-near-road = away cf 100 because you said so.
Found unknown-near- road.

Seeking unknown- Location.

Using kb-125:
question(unknown-Location) =

'\n \t Is the target near a known enemy or friendly location? \n '

Is the target near a known enemy or friendly Location?

2. friendLy

3. neither

>>1

Noting unknown-tocation = enemy cf 100 because you said so.

Found unknown- location.

Seeking Location-check-function(away,enemy).

Using kb-131:
location-check-function(away,enemy) = 30.

Noting location-check-function(away,enemy) = 30 cf 100 because kb-131.

Found location-check-function(away,enemy).

Noting tocation-check = 30 cf 100 because kb-118.

kb-118 succeeded.

Found Location-check.

Noting maybe-should-fire = yes cf 30 because kb-66.

Seeking formation-check.

invoking kb-138:

if unknown-mittipte-target = UNT and

unknown-in-formation z UF and
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formation-check-function(NT,UF) 
= FCF

then formation-check = FCF.

Seeking unknown-mut t ipLe- target.

Using kb-140:

question(unknown-mittiple-target) =

'\f \n Are there more than one unknown targets? \n '.

Are there more than one unknown tarnets?

1. yes

2. no
>> 1
Noting unknown-muLtipLe-target = yes cf 100 because you said so.

Found unknown-muttipLe-target.

Seeking unknown- in-formation.
Using kb-145:

question(unknown-in-formation) = '\nis the target(s) in a formation?\n ,

Is the target(s) in a formation?

1. yes

2. no
>> 1

Noting unknown-in-formation = yes cf 100 because you said so.
Found unknown- in-formation.
Seeking formation-check-function(yes,yes).

Using kb-152:

fouiation-check-fuiction(yes,yes) = 15.
Noting formtion-check-function(yes,yes) = 15 cf 100 because kb-152.
Found formation-check-function(yes,yes).

Noting formation-check = 15 cf 100 because kb-138.
kb-138 succeeded.

Found formation-check.

Noting maye-shouLd-fire = yes cf 15 because kb-66.
Already sought maybe-shouLd-fire.
Noting shoutd-fire z yes cf 85 because kb-66.

kb-66 succeeded.

Found should-fire.

kb-42 failed.

Invoking kb-/":

if self-defense is sought and

shouLd-fire is sought and

shouLd-fire cf N and

N>z 80 and

weapon-setected is sought and
ammunition-setected is sought and

output-range and

output-weapon and
the-user-is-finished = Answer

then continue the-consultation = Answer.
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Already sought seLf-defense.

Already sought shouLd-fire.

Already sought should-fire.

Seeking weapon-seLected.

Invoking kb-158:

if (the-target = tank or
(the-target - uncertain and

enemy-unit-type a tank) or

(the-target - tracked and

enemy-unit-type a tank) or

(the-target = tracked and

enem-unit-type = infantry)) and

the-range = Range and

Range= 3751 and

weapon-type(tank,extreme) = Weaponreturn

then weapon-setected z Weaponreturn.

Already sought the-target.

Seeking the-range.

Using kb-184:

question(the-range) = '\n \t What is the range to the target in meters?'.

What is the rane to the target in meters?

> 1250
Noting the-range a 1250 cf 100 because you said so.

Found the-range.

Already sought the-target.

Already sought the-target.

Already sought the-target.

ko-158 failed.
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Invoking kb-159:

if (the-target a tank or

(the-target z uncertain and

enemy-unit-type z tank) or

(the-target = tracked and

enemy-unit-type z tank) or

(the-target = tracked and

enemy-unit-type = infantry)) and

the-range = Range and
Range<3751 and

Range= 65 and
weapon-type(tank, tong) = Weaponreturn

then weapon-selected = Weaponreturn.
Already sought the-target.

Already sought the-range.

Seeking weapon-type(tank, tong).

Using kb-192:
weapon-type(tank, tong) a guided missi Le.

Noting weapon-type(tank,Long) = guided.missile cf 100 because kb-192.
Found weapon-type(tank, Long).
Noting weapon-selected = guided missile cf 100 because kb-159.
kb-159 succeeded.
Found weapon-setected.

Seeking amunition-seLected.

Invoking kb-211:

if weapon-selected = guided missile
then ammunition-selected = anti-tank.

Already sought weapon-selected.
Noting ammunition-seLected = anti-tank cf 100 because kb-211.

kb-211 succeeded.

Found amunition-selected.

Seeking output- range.

Invoking kb-52:

if mosttikety(the-range) = Range and

display('\f \n \n \n Nt The range to the target is ') and
dispLay(Range) and

display(' meters.\n \n \n')
then output-range.

Already sought the-range.

The range to the target is 1250 meters.

Noting output-range = yes cf 100 because kb-52.
kb-52 succeeded.

Found output-range.

Seeking output -weapon.

Invoking kb-53:
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if mostiikety(weapon-setected) = Weapon and

Weapon == indirect and

mostLikety(ammunition-selected) = Ammunition and
display('\t The preferred weapon is artillery fire because \n') and

display('\t of the Long distance to the target.\n \n') and

display('\t Request indirect fire through your fire support channels.')

and

dispLay('\n \t The preferred munition is ') and

display(Ammunition)

then output-weapon.

Already sought weapon-seLected.

kb-53 failed.
Invoking kb-54:

if mostLikety(weapon-setected) = Weapon and
mosttikety(ammunition-setected) = Ammunition and

disptay('\t The preferred weapon is the ') and

dispLay(Weapon) and

disptay('\n \t firing ') and

dispLay(Anmmnition) and

display(' ammunition.')

then output-weapon.

Already sought weapon-selected.

Already sought ammunition-seLected.

The preferred weapon is the guided-missile

firing antitank ammunition.Noting output-weapon = yes cf 100 because kb-54.

kb-54 succeeded.
Found output-weapon.

Seeking the-user-is-finished.

Using kb-60:

question(the-user-is-finished) =

['\n \t This concludes one iteration of the Bradley Gunner. Do\n ',

'\t you wish to continue?\n '1.

This concludes one iteration of the Bradley Gunner. Do

you wish to continue?

1. yes

2. no

>> 2
Noting the-user-is-finished = no cf 100 because you said so.

Found the-user-is-finished.

Noting continue the-consultation = no cf 100 because kb-44.

kb-" succeeded.
Found continue the-consuttation.

Seeking alt-targets-engaged.

Invoking kb-46:

if contirnue the-consultation = no and

do(abort)

then st-targets-engaged.

Already sought continue the-consultation.
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M.5 tog off



187

APPENDIX 
V

Appendix V is a representation of the expert gunnery
system as an inference tree. The rules referred to here
as "kb-xx" can be found in their entirety in Appendix
II.
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